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Department of the Nairy
Southern Division
Naval Facilities Engineering Command

Charleston, South Carolina 29411

~ i Gentlemen:

Test and Evaluation of an
Electrostatic Precipitator for -.

Jet Engine Test Cells
Naval Air Rework Facility

Jacksonville, 'Florida
Phase 1I r Contract N62467-74-C-0161 -I/

• iWe are pleased to submit herewith our report on the Test and
Evaluation of a Two-Stage Precipitator used for Jet Engine Test Cell
Exhaust Gas Cleaning. The efficiency tests were conducted on a proto-
type of the precipitator installed at the Black Point Test Cell, Naval

SI Air Rework Facility, Jacksonville, Florida.

We conclude that the precipitator will operate satisfactorily in
the environment of the test cell exhaust stack and that its particulate

U removal capability is comparable to that of the crossflow scrubber
concept now being applied to test cell exhaust gas cleaning. Capital

* 'costs for a precipitator syqtem providing this performance are estimated
at $1.40-$1.70 per ACFM of test cell exhaust flow depending on test
cell size. Direct operating costs are estimated at $65-$130 per engine
test depending on engine size.

Should the overall owning and operating costs of the precipitator
concept compare favorably with those of the crossflow scrubber, we
recommend that final performance testing of the prototype be completed
using the EPA Method 5 technique. This should be done prior to a decision
on full scale application.

We wish to acknowledge the assistance and participation of
personnel associated with the following organizations:

r,
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Department of the. Navy . . 2 Apr:ll 26, 1.976
Southern Division

Southern Division - Naval Facilitics Engineering Command,
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This report has been prepared under Naval Facilities Enginee~ing

Command Contract N62467-74-C-0161.

Ve~ ly yours,

J. A. Ferner
"�"Project Manager
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INTRODUCTION .

Ifin ted Kngineers and Constructors Inc. was retained under

I NAVFACENGCOM Contract N000025-72-C-0037)to study available. means for -the

abatemennt of air pollution caused by operation of Naval jet engine test

facilitie8, The findings of the study, issued in August 1973, were

that the use of fuel additives, the retrofit of smokeless combustors

I and lIh :instalrition of gas cleaning equipment were, potential means of

controlling particulate emissions from the cells. Additives and smoke-

less combu•tors were found to require additional development leaving

exhaust gas cleaning as the only technology then available for emission

control. A two-stage electrostatic precipitator was recommended as

.j he most viable alternative to a concept then being actively developed,

l the cross-flow wet scrubber.

Due to the unique nature of the application and the high cost

of full-sized equipment, it was recommended that a bench scale precipitator V
be tested to confirm performance and establish size parameters. Such a

prototype unit was subsequently installed at Black Point test cell No. 1,

Naval Air Rework Facility, Jacksonville, Florida and underwent a sequence of

performance and operating tests under the supervision of UE&C.

This report summarizes the results of the test program and

provides data on the economics of applying a full-scale system ) a jet

engine test cell.

¢"low



3, lECTION I

SCOPE OF' WORK 4
1.01 Thil report summarizes the results of the test program, offers J
an evaluation of those results and discussqes their implication with
regard to the technical and economic feasibility of applying the two-

stage electrostatic precipitator to test cell exhaust gas cleaning.

IISpecIfic objectivesý of the test program were as follows:

- Confirm that the equipment will operate satisfactorily

in the environment of the test cell exhaust stack.

- Establish the maximum gas velocity and minimum field

depth at which the equipment will meet performance Q

requirements. A

- Document equipment performance using source testing

techniques established as aoceptable by the Environn'ental

Protection Agency for the particular source application.

These techniques are also identical to those used in

testing the cross-flow scrubber concept and thereby

should produce results which are directly comparable.

El;stablish operating cost parameters for the equipment.

- Establish capital cost parameters for equipment.

i • 1 -1
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w 8ECT1IUN 2

SU•,RY AND CONCLUSIONS

.oi ýimnai-

2.01.1 Gas saimpling tests were conducted on a protutype two-

stage precipitator installed to clean a portion of the exhaust geses from

Black Point Cell No. 1 at tie Naval Air Rework Facility, NAS, Jacksonville,

Florida. The purpose of the test program was to determine the feasibility

of Pull scate application of the precipitator concept to jet engine test

cell exhaust gas cleaning.

2.01.2 Equipment testing proceedeO in three phases:

- Tests at various exhaust gas throughputs using the

equipment manufacturer's standard ,;2st method. These tests were conducted

for the purpose of establishing design parameters for the equipment.

- Tests at the established design gas throughput using the

standard EPA Method 5 test procedure. These tests were conducted for the

purpose of documenting equipment performance using test techniques acceptable

to regulatory authorities. A second test team, using different test equip-

ment and procedures, performed simultaneous tests in order to obtain

correlation between test techniques.

- A repeat of the manufacturer's tests followiii, a period

of sustained operation of the equipment. The purpose of repeat testing

was to detect any degradation in equipment performance with use. A

2.01.3 Results or the initial series of tests performed at the

established design conditions are summarized in Table 2-1.

2 -1
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TABLE I . 1

I Tent Test InLe u Outlet Efficiency
D a Les M ethods Concentration Concentration (% Removed)i_... ( ok/DO !' ) (oii/_uSCv) .... .._______

4-14-7" MWg's. Test 41-43 X 10-4 3-4 x ]0-4 91-93

3 4-15-75 Method

I -EPA Method 32-73 X 1 12-35 X 10-4 51-65
4-13-'15

4-17-75 Modified EPA 8-9 X 10-4 4-7 X 10-4 17-55
& inlet; beta

4-18-75 analyzer
outlet * )c_ ,

j *Conducted concurrently with EPA Method 5 tests.

2.01.4 Testing of the equipment utilizing the manufacturer's

standard method indicated no degradation in equipmert performance after

I approximately 5 weeks of normal operation. Degradation tests using the

Ii"I'A Method 5 have not been conducted to date due to nonavailability of the

Stest cell.

2.02 Conclusions

I, 2.02.1 The two-stage precipitator will operate satisfactorily

in the hot wet environment of a jet engine test cell exhaust stack. A mist

eliminator should be installed upstream of the equipment to prevent liquid

carry over from the evaporative cooling system.

2.02.2 The lack of correlation in the results of equipment

efficiency testing using the manufacturer's procedure and the EPA Method 5

seem attributable to inherent differences in Lhe test methods since data

obtained on multiple runs using the same teclnique are in fair agreement.

1 2



removeril.tr.Th reiptao

'An meliool byas the spraycsystem.on thes basisof'th e

abooveisim Lhe p~erf'orniarxce of the precipitator appears to be at

2u;I qivil t' thu L (.P ',he cross-flow scrulbber.

.0,.! TPhe eonQninelid efficitency of' the eva-por-ative cooling system,

vili(,-h a:; a prewc(,vuhber rorovlIng 50-60% of' the particulate emission,

th wo-st~age precip~itator averaged 806% on the three EPA Metihod 5 tests.

I-m!.1()! terivn og Lire equipme-nt were well, below any established st-andard.

;'.W, 'i Capitail cool,:; for a pollution abatement system inoorporating

Lil Ipiucp tultor cnetwould be on -the order of $850,000 for a 500,0CC,

jGI !:y~itcii rr $1.,090,00O for a 1,200,000 AOIYM sys-tem based on a 500 FPM

giVelocity.

1 2.0~ .6Alinrri~l operating costs for a. pollution abatement system

incr()VINM11tL 1.g1 the1 Iprecipit`ator concept can be on -the order of' $32,000 for

I )(,000o AC I-A siys;t(m %erig50 J-79 enginies per year or $65,000 for

1 ~ L1,100,000 ACH'AryuLoi testing 500, 350 lb/sec eingines per year.

1 ~23
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0 2.03 Rt 1curmiendat ioi

2.03.1 The prototype precipitator and test cel.l duct is still In

place at the Black Point 'ost, ,ell. 11owever, the test cell stack has been

oxtenu.iively rebuilt without provision for the test duct penetration and

thus additional work would be required prior to resumpil;on of the testing.

I The results of the initial testing with EPA Method 5 procedures

indicate that the two-stage precipitator and the cross-flow wet scrubber

are comparable from the standpoint of performance. We feel that the next

logical stop should be a comparison of the capitel and operating costs

"I' of the two systems. Costs associated with the two-stage precipitator

,concept, estimated on the basis of parameters developed during the teat

program, are given in this report for two test cell sizes. Cost factors

for the cross-flow scrubber should be available from the systems now being

installed at the Jacksonville and Norfolk Naval Air Rework Facilities.

Should life cycle costs of the precipitator concept compere

f favorably with those of the wet scrubber, final performance testing of the

prototype should be completed to document performance to the satisfaction

of regulatory authorities.

1 2.03.2 It is evident that t•.- t cell exhaust gas cleaning will be

an expensive proposition regardless of the type of control equipment

installed. Continued work on alternative measures, fuel additives in the

near term and clean burning engines In the far term, is certainly warranted.

IS~Application off exhauut gas cleaning should be limited to specific cells

+' I scheduled. t0 test older engines which, foer reasons of performance, cannot

use fuel additives.

2 4'/+
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SECTION 3

DISCUSSION OF. TEST PROGQAM

AND PROCEDURES

I Tne test program was divided into five phases which are

u;wmuIrized below and outlined In detail in Reference 4.

3.01 Phase I - Manpower and Equipment Scheduling - Two test teams took

part in the progran. One team, staffed by American Air Filter Inc. the

supplier of the ptrototy-pe, calibrated the exhaust gas draw-off apparatus

and performed the type "A" tests described below. A second team, staffed

by Jacksonville Naval Air Rework Facility personnel, performed the type

"16"B" tests also described below.

A third test teum, staffed by personnel from the Aircraft

Environmental Support Office of the Naval Environmental Protection Support

Service (NEPSS), conducted tests simultaneously with the type "B'; tests.

These tests were not a part of the NAVFAC test program but Were run for

the purpose of comparing results obtained by the NARF Jax team with those

obtained by the NEPSS team which used a different type of sampling

equipment.

3.02 Phase II - Equipment Checkout and Pretest Calibration - The

pretesct calibration phast oonsisted of calibrating the venituri section

differential to the exhaust gas flow through the tent system as measured

by a pitot tube traverse. The venturi reading would then be used to

compute gas flow rate during the type "All testing to determine optimum

velocity.

The procedure, as originally constituted, called for the

utilivation of a throttling damper installed at the outlet of the prototype

to vary gas flow. However, the unexpectedly high kinetic energy of the

31



I I
tIexhautiL gau entering the te:;t duc-t rendered this procedure unworkable

due to the inability of the ductwork 'to contain the static pressure developed

* by the thivottling action.

3 As a result of the above, it was necessary to vary the gas flow

-rate through the test duct by means of varying the orifice area at the

3 Inlet of the duct section. New pitot tube -traverse holes were drilled

in the 1 ft. x 1 ft. sections of- the duct upstream of the venturi section

in order Lo produce higher and therefore more accurate velocity head

I readings. Four calibration runs were performed using orifice areas of

12 in. , 18 in. , 24 in. 2 and 36 in. 2 . The orifice area vs gas flow

rp lationship provied to be linear producing test flows of 2517, 3826, 4732

and 7334 ACFM respectively.

I 3.03 Phase III - Initial Performance Testing - This phase of the test

program, conducted during the period of April 7-18, 1975 and June 4-6,

1975, included both type "A" and type "1B1" efficiency tests. The type "A"

J• testing served the dual purposes of establishing equipment compatibility

with the test cell exhaust gas and determining the maximum exhaust gas

throughput velocity at which the unit would operate with a satisfactory

collection efficiency. The type "B" tests were conducted to documentII
equipment performance and, additionally, to provide data which could be

directly compared to data accumulated during a previous test program A

associated with the cross-flow wet scrubber prototype.

3.03.1 Type "A" Test - A total of eight (8) type "A" tests were

run during the initial performance phase. The type "A" tests utilized

I American Air Filter's standard test procedure which called for single-point

sampling at the inlet and outlet of the prototype. The average velocity

through the ductwork (as de .rmined by the pretest calibration runs) was

.. 2



U used to e!;tablish sampling rutesv which would approximate isokinetie

cunditLions at tiae nample probe riozzle.

Tests• were conducted at eaeh of the four operating points

correlsponding to gas velocities of 172, 262, 323, and 501 FPM through the

prototype. Unit efficiency was calculated after each run utilizing NAPF

laboratory Vacilities. Using 90% by weight collection efficiency as

performance criteria, the maximum allowable velocity through the prototype

j was established as approximately 500 FPM.

3.03.2 Type "B" Tests - A. total. of' seven (7) tYTpe "B" tests were

run during the initial performance phase. Three tests were performed

immediately following the type "A" tests and utilized the same J-79 engine.

The remaining tests were performed approximately six (6) weeks after the

initial tests.

The type "B" tests allowed computation of both particulate

Irenxw-)al by -the prototype enid particulate removal by entrainment in the

unevaporated portion of exhaust gas cooling water. The standard EPA (3)

Method 5 procedure was utilized to determine particulate removal from the

gas strean. A 20-point grid wa;, sampled at the inlet and outlet of the

unit with sample flow rate adjusrid aL each point to produce isokinetic

conditions at the probe nozzle. Both solid and liquid particulates were

collected and recorded. Particulate removal by water entrainment was

deterrmined by establishing the drain flow rate and concentration of

particulates in the effluent. This concentration was then multiplied by

the ratio of drain flow rate -to exhaust gas f low rate to obtain a number

comparable to the gas stream samples.

3



I

The procedures used in the type '13" testing conducted

by NARI' personnel duplicated those used by the same personnel in testing

the wet croasflow scrubber model (2)

3.03.3 NPESS Te'sts - The NEPSS tests were conducted concurrently

with the type "B" tests run April 17-18, 1975. Inlet sampling was

conducted using an Aerotherm high volumue EPA Method 5 particulate sampler

which is similar to a standard EPA train that has been scaled up in size

. to allow high volume sampling. Outlet sampling was conducted using a
.1

Lear Seigler PM/Argos I continuous particulate mass enmssion analyzer.

I This device measures the attenuation of beta radiation by particulate

collected on a filter tape and converts this to a measure of the particulate

mass.

S3.04 Phase IV - Normal Operating Runs - The purpose of this phase of

the program was to obtain an indication of equipment durability under

I normal operating conditions. The prototype was operated during normal

engine testing sequences between the dates of June 6, 1975 and July 13, 1975.

3.05 Phase V - Final Performance Testing - Performance testing was

conducted following the normal operating period in order to detect any

degradation in equipment performance with time. Two type "A" tests were

run on July 15, 1975 at the design velocity of 500 FPM through the

precipitator. The performance indicated by these tests was essentially

the same as that indicated by the initial service of type "A" tests.

I This phase of the test program also called for additional type "B"

testing in order to obtain "degradation" data using testing techniques

I acceptable to pollution control authorities. However, to date, the Black

Point cell has not been available to support such tests due to the heavy

£ schedule of production engine tests and extensive modification of the test

3cell stack.

S• 3.--. 3 ,4"
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SECTION 4

RESULTS OF EQUIPMENT TESTING

0 .01 Equipment Reliability - In general, the equipment proved capable

of operating satisfactorily when handling the test cell exhaust gas.

'Several operating problems did, however, occur during the course of the

test program indicating design modifications recommended below.

4.01.1 Exce-ssive Arcing - The location of the exhaust gas draw-

off duct was such that a large amount of cooling water was entrained in

the gas entering the prototype. This caused a substantial amount of

arcing within the precipitator. Excessive arcing is detrimental to

equipment operation in three ways:

(1) Short circuiting occurs between collecting plates thus

reducing the effective strength of the electrostatic

field between plates. Since it is this field that

forces the ionized particulates towards the collecting

plates, the overall effect of reducing the strength

of this field is reduced particle deposition and

reduced collection efficiency.

(2) Average electric power consumption is increased and

high peak power inputs induced by the short circuiting

• • ~are encountered..'

The power peaks occassdonally cause the circuit protection

equipment contained in the precipitator control units

• *i "to shu-u thle equipment down.

Although entrained moisture should be less of a problem at

the top of the test cell stack, it is recommended that any full scale

installation be equipped with a mist eliminator upstream of the precipitator.



1 4. 1.02 Failure of' Itigh Voltage Leads - Early in the test prop~ram

during the velocity calibration runs, the equipment was tripped off the

line several times due to failure of the insulation on the high voltage

* wiring supplying the ionizing and collecting electrodes. All failures

occurred inside the precipitator casing where the wires were exposed to

appreciable moisture.

The equipment was rewired using wire with a better grade of-

insulation (silicon-insulated) and no further problem wau experienced. It

I is recommended that the high grade wire be specified for any full-scale

installation.

4.01.3 Power Supply and Voltage Control Components - A diode in

one of the power pack assemblies failed during the initial testing phase

and was replaced. Failure was apparently due to a manufacturing defect.

No other problems were experienced with power pack components throughout

the duration of the test program.

4.01.4 Ionizer Wire Breakage - Two high voltage (12 kV) ionizers

failed during the second series of type "A" tests. Replacement of ionizer

wires is an item of routine maintenance discussed in Section 5.

4.02 Equipment Collection Efficiency - Results of the type "A" and "B" tests

are summarized in Table 4.1. Raw test data and details of test and data

reduction procedures are given in Appendix A-1 for the type "A" tests and

in Appendix A-2 and Reference 2 for the type "B" tests. NEPSS test results

are reported separately in Rererence 5.

4,02.1 Type "A" and "B" Tests - Type "A" tept8 run between April 9

and April 14 established a maximum operating velocity through the unit at

500 FPM for a collection efficiency of approximately 90% and two collecting

4
4-2
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bank,, in series. highest efficiency points were experienced at velocities

in the '250-350 FPM range which was the anticipated destign velocity range

of the equipment. However, it was fouid that velocity could be increased

jto 500 PPM range before efficiency fell off to 90%. The test of

April 15 was run at 500 FPM with only one of the two serie-s fields in

3 service and indicated an efficiency of 78%. Ratioing this performance to

the two-field performance, it was deduced that a single field in series

would not meet performance criteria at any of the velocities tested. On

the basis of the series of tests, equipment rat' was determined by the

manufacturer to be as follows:

Face velocity: 500 PPM1I
Field depth: Two cells

Efficiency: 90%

Type "B" testing conducted on April 17 and 18 indicated markedly

lower efficiencies than the type "A" testing. Calculated precipitator

efficiencies ranged from 51.1% to 64.9% averaging 59%. Total system

efficiencies, which reflected particulates removed by spray water, ranged

from 77.8% to 90.7% averaging 86%.

IThe data from the type "A" tests can be compared to the type "B"

test data for the air sampling (Note 3 in Table 4.1), since both reflect

[ particulate removal in the precipitator only. Inlet concentrations on the

type "A" tests ranged from 18-.45 x 10-4 GR/DSCF which seem to be In reasonable

I agreement with the type "B" tests which had readings of 73, 39 and 32 x 10-4

GR/DSCF respectively. The principal differences in the data appear in the

outlet concentrations. The type "A" data indicates 3-4 x 10-4 GR/DSCF

(4-14-75 runs only) while the type "B" data shows markedly higher concentrations

1
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(if 1', 13 ind 35 x I()- GI1/ISCF. Siiuce testing was performed under essentially

identical conditions, the differences in data apparently stem from the

different. testing techniques and equipment.

j Since the type "B3" tests utilize tecimiques accepted by

the EPA and most local authorities and thereby will form the basis of

I doewumented equipment performannce, NARF~ personnel under-took to conduct

additional tests for the purpose of onnfirm-ing the initial results. These

tests were not run until June 4L6, 1975 due to engine testing requirements

"and mechanical problems with the Black Point cell.

A The June 4 test indicated a precipitator efficiency of

-80. sbsqunttest performed with only one field ergzdindicated

an efficiency of -23% and two tests conducted with all power off indicated

efficiencies of -25% and -19.6%. All tests were run with a J-52 engine

as a pollution source in lieu of a J-79 engine.

LI
Subsequent to the June testing, it was learned that during

-the interim period between the April and June tests, the blanhk-off plate

which was installed at the sampling duct inlet had become dislodged. This

; allowed particulate-laden engine exhaust gas to pass through the prototype V

"during normal engine production testing. Prolonged exposure to these

exhaust gases could result in particulate buildup on the collecting plates

S-to a point where they would begin to be re-entrained in the gas passing

through the unit. This appears to be the only plausible explanation for

the negative efficiency readings which are indicative of more particulate

leaving the prototype than entering. Since normal operation of the prototype

would encompass a washing cycle which would prevent particulate buildup on

Si-the plate, the June 4-6 data cannot be considered representative of equipment

per formance.I



I

Thie finaL type "A" te,,t,; onl July 15, ].9/:, were run' after the

prototype had been exposed to exhaust gases r",:ultant from normal engine

I testing for a period of about 5 weeks. Two tests were run at design flow

g rate and Indicated the same approximate level of performance as the initial

test runs (89% efficienc.).

j As was mentioned earlier, a final series of type "B" tests

were to be performed in this phase of the program. However, due to

I unavailability of the test cell, these tests have yet to be undertaken.

4.02.2 NEPSS Tests - ihe NEPSS tests were rum concurrently with

the type "B" tests of April 17-18, 1975. Inlet concentrations measured

I with the high volume EPA Method 5 train all measured in the range of 8-9

x iO-4 GR/SCF. These concentrations are substantially below those recorded

I in either the type "A" or "B" tests.

Other concentrations measured with the beta attenuation mass

analyzer ranged from 4 -to 7 x 10 GR/SCF. These values are below those

recorded in the "B" tests and slightly above those recorded in the "A"

tests. Overall precipitator efficiency calculated using the inlet and

outlet concentrations averaged 38% ranging from 17% to 55%.

T' 4,03 Compliance with Emission Regulations - No specific emissions

standards have been established for jet engine test cells; however, a

.J number of standards exist which are broad enough in scope to be considered

applicable (I) The most stringent of these regulations i'- the San Diego

Air Pollution Control District Regulation limiting total particulate

emissions (solid and liquid) to 0.1 GR/SCF with gas volume artifically

corrected to a 12% CO2 level. For JP-5 fuel, this is equivalent to 0.175

6
ibs/1_ BTU heaL input. Using this emission rate as criteria and with

available test data indicating particulate emissions in the range of 1.0

4 5s
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1. 3 lb.. i,/]0 B'T'U, the requirement Cor a 90% efficient abatoment system,

w •a: es tabl~is•hed.
Particulate einissions measured on the Inlet side of the procipitator

were an ord'-,r of magnitude lower than those reported in previous test

data. Inlet particulate loadings ranged from 0.04 Ibs/10 6 BTU to 0.09

6
ibs/lO10 BTU in the type "Al tests which measured only solid particulates

in the gas stream and from 0.24 lbs/lO6 BTU to 0.33 ibs/l 63BTU in the

type "B" tests on the J-79 which measured total particulates in both the

gas and water streams. The emissions on the outlet side of the precipitator

ranged from 0.002. lbs/106 BTU to 0.017 lbs/106 BTU in the type "A" tests

and 0.025 lbs/lU6 BTU to 0.073 lbs/iO 6 BTU on the type "B" tests. Thus, on

all tests, emissions were below established standards.

It is not knowii where emissions from -the test engine fall relative

to emission- from the entire family of turbojet and turbofan engines. If

the average efficiency for the initial type "B" tests of 1ý6% is used as

being indicative of system performance, tho combined spray and precipitator

systems aould allow testing of engines emitting up to 1.25 lbs/106 BTU

without exceeding the San Diegn Regulation.

4.04 Comparative Performance - Precipitator vs. Crossflow Scrubber - Both

the proposed precipitator and crosoflow scrubber system designs use a water

quench to cool the test cell exhaust gases prior to treatment. This

spray system acts as a prescrubber by entraining and removing particulate

f'rom the ga.ves before they reach the control equipment. The type "B" tests,

which measured particulate contained in the duct drains upstream of the

precipitator and related them to the gas sampling datq, indicated that from

55-70% of the total particulate was removed in this fashion. Identical tests

-6



511 (11 It JIKte fIc Ic:;:: I' Iw :3crubbor ti.in Ikhe, uaie J-79 cogjjoe during, Uhe

period of' November, V)7/3 to F'ebruary, 197/f iidientoed approximately 60%

IrnY)VUi ill the11 Same CIUenrCh System.

A (.:mpr)[ t~i1oo or' the gas sampling data which is representative of

Lhu particulate re~rKrvcd In the control equipment alone, Indicates an

averaife c.ollection efficiency for the precipitator in the three type "B"

t~e~:A!, of' 59% (rinlre 51 .5% - 64 .9%) and an average efficiency for -the e.ross-s

C low :Iuciubbe-r of' 55% (range 45% - 65%)() Overall. efficiency of the two

1 systemsu computed ein the basis of spray water and control unit removal

Vaveraged 86% for th-2 precipitator and 78% for the crossflow scrubber.

Onl the basis of the above data, the performance of the two systems

a1ppCeIr~ companrable.

4.05 Power Consumption Power supply to the prototype was monitored at

pe-rindie intervals during testing. Excessive peaks were encountered with

input current ranging from 4 to 8 amps at 120V AC and averaging approximately

(I amps. Avprafle power input was, therefore, approximately 432 watts ( .6 PF)

or 0.059 KW/LOOO ACFM. The power input was nio doubt incyceaseu by the large

am1oUnt of entrained moisture entering the unit. This effect should be

rectified by the installation of -the mnoistuire eliminator discussed earlier.

/..o(, PrjecipittrWs 3hdl The precipitator was washed at the

ooirqiplcton of the type "B' testing. Cycles with and without detergent

ditdl~ton were run resutn 1in the recommendation by representatives

of the. manufacturer that cietergent addition be included as part of the

wia.,h cycle. Obs~rvation (,f the collecting plates after washing indicated

that theny remain-zd discolorod (black) hut no excessive build--up of

unrerruved particulate.



I On the bia1!u of x11ier '1.ce during the IioTtial testing phase, a

schedule of one wash per week was established as a trial procedure for

|the interim phase of the test program where the prototype would be operated

during normal production testing of engines. Unfortunately, the schedule*AA
was not rigorously followed during the interim period and thus no reliable

data was obtained relative to the adequacy or inadequacy of washing.

In the absence of field data, the precipitator manufacturer was

consulted regarding his excperience with similar installations. It is their

3 estimate that with particulate grain loadings in the range experienced

during testing, the first collecting field would require washing once per

1 40 hours of operation and the second field once per 160 hours of operation.

This information must be regarded as approximate, however, due to the

U uniqueness of the application.

The frequency witi which the precipitator must be washed is

heavily dependent on the e-mission factors of the engines tested. Since

these factors can vaiy widely, washing schedules will vary widely depending

on the engines tested.

IN
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3 SECTION 5

FULL-SCALE SYSTEM DESCRIPTION AND ECONOMICS

'3.01 System Description - Design of a full-scale pollution abatement

3 iystem for a particular cell would be tailored to the requirements of

the engines tested. Basic system components are illustrated in Figure 5.1.

5.01.1 Precipitator - The precipitator has five major components:

J entrained moisture eliminator, fields, washer assemblies, power control

cabinets (power packs) arin washer control cabinets. The moisture eliminator
33 Iis of the vertical multi-pass louver design extending across the entire

face of the irecipitator. The louver will also serve to distribute the flow

Sof incoming exhaust gas. The precipitator fields are comprised of a

1 inumber of individual cells stacked in vertical (modules) banks perpendicular

to the direction of gas flow and supported in a structural frame. Each

I cell has dimensions of 36" wide, 14" deep and 16" or 20" high. Modules

can be configured to suit the stack dimensions of a particular application.

I Each horizontal row of cells receives an independent power supply (two

leads - 12kV and 6kV) which is conmected to the outside cell in each row.

4 Interior cells are energized by means of contact strips attached to each

cell. The power to each cell is controlled by remotely mounted power packs

which consist of transformer, rectifiers, voltage control and circuit

1 protection. Input to the control cabinets is 120V AC single phase and

SI'output is 12,OOOV DC (ionizing fields) and 5800V DC (collecting fields).

The modules containing the precipitator fields will be

,JI I° arranged two in series in the direction of gas flow. Washer assemblies

ara located on the inlet side of each module. Each washer assembly is

~' I approximately 4'-0" wide and extends thbe full height of -the module. During

5-
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tthu wainh cycle, three rotating spray nozzles make four vertical passes over

the entire helght of a tour foot wide section of the module. After four

pn.!,ii•(!:, the ms.iembly indexes along a horizontal track to the next 41-0"

section and repeats the process until one complete horizontal pass is made.

renozzles travel. at a speed of 6 ft/mn -in the vertical direction and

consume 15 GPM while in operation. Cleaning detergent will be added at a

rate of 1/2 GPM during the first two vertical passes via a separate pump.

Washer assembly travel., water supply and detergent supply are automatically

controlled from a remotely mounted control cabinet.

All components in contact with the exhaust stream are

enclosed in a gas tight casing top, bottom and sides. Access doors are

"provided on each side of the washer assembly cavity for inspection and

, maintenance.

Figure 5.2 illustrates the general arrangement of components.

Each 25' X 12' section would be furnished with individual inlet plenum

and stack and appropriate tuning vanes for gas distribution as determined by

a pre-design model study.

1 5.01.2 Evaporative Cooling System - Test cell exhaust gases would be

cooled in a manner similar to the cooling systems ncw in service in

1 cells which test after-burning engines. Components include a series of

I spray rings located in the augmentor tube and the base of the test cell

stack, control, valve. for modulation of spray water supply to minimize J

over spray, sprny water pumps and water storage tank.

5.01.3 Water Reclamation System - Excess spray water and the

drains from the precipitator wash cycle flow by gravity to a collecting

j sump where they are pumped to a holding tank designed to provide surge

capacity for the relatively large amount of overspray during the after

5-2



burner teYto. From the holding -ank the slurry is pmnped through a pressure-

leaf Cilter where suspended particulates are removed and then back to the

Sstorage tank for reuse. Water from the wash cycle, one half of which would

* contain a biodegradable detergent, would be discarded.

5.01.4 Solids Removal and Recovery - Solids are removed from the

overspray and wash water by direct filtration. This is a relatively

F expensive method of solids removnl but due to its compactness is suited to

the ground space limitations around existing cells. The filter medium

is a series of vertical hollow leaves coated with a filter aid. A mixture of

particulates and filter aid are deposited on the outside surface of the

leaves forming a cake. Collected particulates are removed on an intermittent

* basis by evacuating the filter, air dyring and vibrating the leaves which

deposit the dry cake on a continuous conveyor for collection.

5.01.5 System Controls - The system would operate automatically

during the engine test. Operator action would be required in the following

areas:

- Turn on power to equipment prior to engine test.

- Remotely monitor (annunciator) systems during test.

- Initiate and monitor precipitator wash cycle.

- Initiate and monitor collected particulate remu~'l

from pressure leaf filter and returning of filter

to service.

A typical arrangement of system components is illustrated in Figure 5.3.

5.02 Capital Costs - The cost of installing a two-stage precipitator,

evaporative cooling system and sludge removal system capable of handling

550,000 ACFM of test cell exhaust gas is estimated to be $850,000.

This size installation would be large enough to handle a J-79 (180 lb/sec)

5-
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3 engine with after burner or a TF30 (250 lb/sec) engine without after burner.

Estimated cost of a larger system capable of handling the

3 I1,200,000 ACFM of exhaust which would result during test of a 350 Ib/sec

5 turbo fan engine in after burner is $1,690.000. Cost breakdowns are

thown In Table 5.1.

'he basic prec'Lpitator for the 550,000 ACFM unit would consist of

eight (8) modules each 24'-8" wide by 12-0"t high. On a test cell, with the

stack configuration of those at Black Point, these modules would be arranged

i I one wide, two high and two deep (in direction of gas flow) on two sides of

the stack. The 1,200,000 ACFM unit would require sixteen (16) modules

24'-8" X 13'-0" arranged two high and two deep on all four sides of the stack.

"The foregoing represent two arrangements of precipitator surface which appear

.l,1 workable. Module dimensions and physical arrangement can be varied to

suit stack configuration and ground space availability at particular cells.

5.03 Operating Costs - Estimated operating costs for the pollution

4 ~abatement systvm are summarized below for the areas of consumable utilities,I

consumable material, maintenance and operating labor.

"I .5.03.1 Consumable Utilities - The overall cost of utilities will

vary considerably with the size and type of engine tested and the -test

I duration due to the large cost impact of the evaporative cooling system.

Table 5.2 summarizes estimated utilities consunption and cost for a J-79

engine with after burner representative of the 500,000,ACFM cell and a

I •hypothetical 350 ib/sec engine with after burner representative of the

1,200,000 ACFM cell. The basis for quantities listed in Table 5.2 is given

in Appendix 3.

An additional utility would be compressed air for drying

the pressure filter prior to cleaning. This would amount to approximately

1 10,000 SCF per cleaning: approximate cost = $2.00.

I| ... . 5.-4.
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TABLE 5. 1

CAP ITAL COST OF TEST CELL POLLUTION ABATEMEhNT SYSTEMS

550,000 ACFM 1,200,000 ACFMLI Precipitator assemblies Incl. $474,200 $1,112,600
"cells, washers, moisture
eliminator, controls, support
frame, casing, breeching and
stacks.

Evaporative cooling system incl. $ 71,900 $ 133,000
water storage tank, spray pumps,
piping, nozzles and controls.

Water reclamation system incl. $ 26,500 $ 40,200
sump pump, surge tank, slurry
pumps, piping and controls.

Pressure-leaf filter assy incl. $ 65,800 $ 65,800
filter, supports, precoat
tank and piping.

Electrical work inel. power $ 92,600 $ 134,400
transformers, motor controls,
lighting and wiring.

Civil/structural work inel. $118,900 $ 204,400
site work, support steel,
walkways, equipment slab and
control- building.

TOTAL CAPITAL COST $849,900 $1,690,400 I

Prices include markups as follows: Omissions and Contingencies - 15% on
all items except precipitator and
pressure filters.

Contractors OH&P - 21% on all items.

General Contractors 0H&P - 5% on
structural and electrical totals.

a
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TABLE 5.2

UTILITIES CONSUMPTION AND COST PER ENGINE TEST

J-79 w/AB 350 lb/e sA_3 SoiLrce Conswnp'tion Cost Consumption Cost

POWER Precipitator 56 KWH $1.68 146 KWH $4.38
S$.Energization_• ~@ $o. 3/ •

KWH Evapcritive 66 KWH $1.98 143 KWH $4.29
I Cooling Pumps

Spray Reclamation 2.3 KWH $0.07 4.3 KWH $0.13
-Pumps

Precipitator 0.3 KWH $0.01 0.9 KWH $0.03
Washer*

ITOTAL POWER 124.6 KWH $3.74 294.2 KWH $0.03

WATER Lost Through
Evaporation 28,800 Gal. $10.08 64,500 Gal. $22.58

@ $-35/
1000 Gal. Discarded wash 363 Gal. $ 0.13 856 Gal. $ 0.30Wat er**

TOTAL WATER 29,163 Gal $10.21 65,356 Gal. $22.88

I

*Precip Washing Power: J79 - 4.6 KWH/Wash

16 Tests/Wash

350 lb/sec - 14.1 KWH/Wash
16 Tes=s/Wash

**Discarded washwater: J79 - 5800 Gal/Wash16 et/Wa•sh i

S350 lb/sec 13700 Gal/Wash
16 Tests/Wash

4
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5.03.2 Consumable Material - Recurring consumable items include

detergent for the precipitator wash cycle and filter aid for the pressure

filter system.

The material required for the filter aid will fluctuate

j widely depending upon the amount of particulates filtered and the ratio

of filter aid to particulate which mu;t be maintained to provide a porous

cake. The amount of particulates collected will be proportional to the

emission factors (e.g. dirtiness) of the engines tested. These values

apparently can range from the 1.0-1.7 lbs/106 BTU reported by previous

air pollution tests(1) to the O.16-0.24 lb/106 BTU experienced in the

Jacksonville tests. Ratio of filter aid to particulate required can

range from 0.1 to 1.0 lb F.A./lb particulate. This ratio is empirically

derived for a particular installation.

A pressure leaf filter with 800 sq.ft. of filter surface

could collect approximately 1400 lbs of particulates between cleanings.

Using a 1:1 ratio of filter aid to particulate and 0.1 lbs/sq. ft, from the

precoat cycle, a total of 1480 lbs of filter aid would be required for

"a complete cycle. The cost per cycle would be approximately $44.40 using

"a $3. 1./]00 lbs material cost based on. an east coast location.

Using conservative emission factors in the 1.0-1.7 Ibs/

106 BTU range, it is estimated that a J-79 in a 120 minute cycle would

generate 212 lbs of collected particulates and a 350 lbs/sec turbofan in

g a 137 minute cycle would generate 291 lbs of particulate. This rate of

collection would require filter cleaning twice every ]2-13 tests with the

J-79 or 9-10 tests with the 350 lb/sec engine.

Detergent is supplied at a rate of one part to 40 parts

water during one-half of the wash cycle (two of the four passes). Consumption

,~~ 
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for one compl.ete wash cycle is therefore:i .
500,000 ACFM unit: 5,760 Gal X . cycle X 1/40 ratio - 72 Gal.

1,200,000 ACFM unit: 12,500 Gal X ½ cycle X 1./40 ratio 156 Gal.

Using a material cost of $4.00/gallon, the cost per wash Is $290 for the

500,000 ACFM unit and $629 for the 1,200,000 ACFM unit. As previously mentioned,

waghing schedule can vary considerably, therefore, for estimating purposes

Sonly it will be assumed that on both systems the first bank is washed every

10 tlests and the second bank every 40 tests. This averages to one complete

wash every 16 tests for a cost of $18.14 per test for the 500,000 A.FM unit and

$39.30 for the 1,200,000 ACFM unit.

5.03.3 Maintenance Costs - Elements of the systens which could be

expected to require periodic replacement are as follows:

km- Precipitator (per module per year)

- Fields Ionizer wire replacement; 100 per
year @ $1.70 ea = $170

- Cell replacement; 3 per year @ $275 ea
$825

- Power Packs - Transformer replacement; one
every four years @ $236 ea = $59

- Silicon rectifier replacement; one
per year @ $26 = $26

- Washer Assy - Replacement of motors and chain'U drives after 15 years = $200/15 = $13

Washer Control - Miscellaneous component replacement
over 15 year life $1000/15 =

$67/year

Total estimated annual material replacement costs per

module $1160. Cost for 8-module 500,000 ACFM installation $9280. Cost

for 16-module 1,200,000 ACFM unit = $18,560.

g -Pump Maintenance: Lubrications, seals, etc. $2,00/year

- Pressure Filter: Main gasket replacement one per year =

S$35



3 - Controls and :instrwunenLation: Estimate of $200/year

In addition to parts replacement, the, installation would

require routine inspection on a weekly basis. At intervals of approximately

5 years, all cells should be removed and manually washed. It is estimated

that this operation would require approximately 4 mandays per module.

1I Allowing one manday per week for routine maintenance, average annual

maintenance labor requirements for the two systems investigated would be

I Ias follows:

500,000 ACFM: Routine maintenance: 1 md/wk X 52 weeks
52 md/yr

Major cleaning: 2 md/wk X 8 modules/5 yrs
32 md/yr

TOTAL: 55.2 md/yr

1 1,200,000 AGCFM: 2 md/wk X 52 wks = 104 md/yr

2 md/module X 18 modules/5 years

1 6.4 md/yr

TOTAL: 110.4 md/yr

At an average cost of $75/md, the annual costs for the two

systems would be $4140 and $8280 respectively.

5.03.4 Operating Labor - The system is designed to operate automa--

J tically with operator action required only to turn on the power supply to

the precipitator. An annunciator panel would be provided in the test .

cell control room to alert operators to any off-normal conditions which

may arise. Precipitator washing and removal of carbon sludge from the filter.

is also highly automated requiring operator action only to initiate the V

cycles and monitor'the precoat operation. In view of the above, we do

not anticipate the need for any additional full time staffing to operate

the system. A portion of the operators!t time would have to be devoted to

5 7



, supervision of the wash cycle and solids separation processes. This would

be in the range of 3 hours per wash/removal cycle assuming full time

I supervision while the equipment is operating.

5.03.5 Annual Operating Costs - Annual costs are aummarized in

Table 5.3 for an assumed test cell loading of 500 engine tests per year.

Approximately 34% of the above costs represent constumable material used

in precipitator washing and solids separation whose useage is basically

a function of engine dirtiness.

IJ

I
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j. TABLE 5.3

ANNUAL OPERATING COSTS

500 ENGINE TESTS PER YEAR

Item Consumption Rate Annual Cost

Utilities - Power* 62,300 KWH $0.031 $1,869
[KWH

S- Water 14.58 X 06 GA $0.35/ $5,103
1000 G.

Material - Detergent 2,250 Gal. $4.00/ $9,000
Gal.

- Filter aid 61,667 lbs. $3.00! $1,850
O 100 lbs
O Maintenance - Parts $9,715

-Labor ------- $4,140

Totals
$31,667

Utilities - Power* 147,100 KWH $0.03/ $ 4,413
S~KWH 6

o - Water 32.68 X 10 $0.35/ $11,4380
0 Gal. .000 G.
o Material - Detergent 4875 Gal. $4.00/ $19,500

Gal.
- Filter Aid 74,000 lbs. $3.00! $ 2,280

100 lb
Maintenance - Parts ---- $18,935

K - Labor $ 8,280

Totals
$64,846

* Exclusive of demand charges
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I SECTION 6
APPENDIX

I A-I Performance Evaluation Conducted on a Two-Stage Electro-Cell Unit,
Jet Engine Teat Cell, by American Air Filter Co. Inc. 23 May 1975
and 24 July 1975.'

A-2 I-0 Memorandum: Air Samples from Electrostatic Precipitator; Results
of; w/enclosures, Naval Air Rework Facility, NAS Jax - 16 June 7 1975

A-3 Basis for Operating Cost Computations

- Paraneters for typical engine test cycles

- Precipitator energization

-Evaporative Cooling

- Spray Reclamation

-. - Precipitator Washing

- Pressure Filter System

A-4 Conversion of test data to emission factors

I, A-5 Dimensional Drawing of Prototy-pe Two-Stage Precipitator
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APPENDIX A-1

pe-rformallce Eivaluation Conducted on a

I Two-Stage Electro-Cell UnIt

Jet Thng:ne Test Cell

American Air Filter Co., Inc.
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23 May 1975

During the weeks of April 6 and April 13, 1975, a field trip was made

to the Naval Air Station located in Jacksonville, Florida. The purpose of

this trip was to accomplish performance testing on a two-stage Electro-Cell

unit installed on the exhaust system of a jet test cell facility. The testsI were conducted in order to establish the unit's efficiency at various flow

rates. Based on the results of these tests, an optimum flow rate, which

would provide approximately 90% efficiency on the exhaust fume, may be

determined.

I BACKGROUNDD:

In operation, the jet test cell is utilized as a permanent stand for j
testing rebuilt and repaired jet engines, the exhaust of which is emitted

to the atmosphere after passing a wet scrubber unit. In search of a better

J cleaning device, the double unit Electro-Cell test system was installed at

this site and positioned such that a portion of the exhaust could be drawn

from the main scrubber stack prior to actual scrubber entry (see Illustration

A).

I ZLECTRO-CELL SETUP & PREPARNTION:

The Electro-Cell test unit consisted of two (2) ECU-5 units with

wastliers, arranged in series (no fan). An 0G-7 power pack was used for each

ECU. Ionizer voltage on both packs was set at 13.5 kV. Plate voltage was

6.3 kV. Current draw to the two pazks during tests was extremely high due

to excessive arcing (see below). Readings would fiuctuate from 4 to 8 amps

for both packs (2 to 4 amps each). Each washer was contrrlled by a

separate standard arrangement TI washer control with de~tergent option.

The test duct originated with a one foot by one foot duct inlet, located

about J.0 feet downstream and directly in line with the J-79 jet engine

exhaust and cooling water spray rirgs. Air flow through the unit was

regulated by use of various size slocted platea over thiis inlet.

Initial tests using a dampe. located downstream oýi the ECU's for air

flow adjustment resulted in severe Oamage to the rather old test duct.

This was due to the tremendous thrust (cr vel.ocity pressure) from the

engine which built up in the scrubber base section where the sample duct

inlet was located.



In addition, extreme arcing in the Electro-Cell elements caused

I reliability problems with the power packs. This problem was a result

of the extremely high entrained moisture content and saturated condition

of the test air. Water flow from the sump of the test duct upstream of

the test unit was in the magnitude of 15 liters per minute from about

X 7000 CM4 of air. Approximate water flow from the ECU unit drain was I3

:g U liter per minute.

The only deviation from the standard ECU was in the use of vilicone

insulated high voltage wiring from the power packs to the buss bars.

Insulatic¢ on the standard wiring was burned off at the buss bar end due
to the wet, dirty condition causing arc paths along the outside of the

insulated wire to ground.

The location of the test duct inlet, directly in the Jet engine exhaust

"stream, will require, for reliable operation, some sort of weather louvre

Sor other entrained water eliminator arrangement. Permanent installations , I
must be designed to eliminate entrained moisture for reliable operation of

the Electro-Cell.

REQUIRED TESTS & EQUIPMENT:

1 Tests to be performed by AAF personnel were:

A. Determine air flow volumes at various pressure drops across the

venturi section, installed upstream of the Electro-Cell banks. !
B. Determine the Electro-Cell efficiencies at various flow rates.

Regulation and measurement of air volumes were accomplished by

utilization of inlet blank-off plates and pitot tube traverses in the venturi.

inlet duct rather than using the venturi pressure drops. This method pro-

vided a more precise means of determining the actual flow since the venturi
-d pressure "bounced" continuously, creating a problem of accurately depicting

the true pressure drop.

I Efficiency evaluations were obtained using inlet and outlet dust grain

loads determined from AAF five-inch dust sampling equipmeut. These

samplers are designed for capture and measurement of the particulate

- content in a gas stream and are not intended for any gas analysis. The

I unit consists of a probe of sufficient length on which various size tips can

be installed. The probe in turn is attached to the sampler header which

houses the filtering media and monitoring orifice. This header is enclosed

-2



£_

in a Glass-Col heating maniel with *pproprLaLo tempernLtue r mni•o's and

3 controls. The header is then attached to a sufficient vacuum source to

provide air movement. By.correlation of probe tip sizes and orifice pressure

regulation iso-kinetic sampling conditions can be established and maintained.
Filtering media employed for these tests is defined as H-93 super-fine

jI glass with initial capability of 99.97% retention of 0.3 micron particles.

Retention ability rises as media load increases.

TEST PARAMETERS & RESULTS:

A. Air Flow

Establishment of system air flows was an essential portion of the

test program, since sampling rates and operational functions of dust

sampling equipment is directly related to these flows. The initial intent

was to utilize a venturi (calibrated) for air flow measurement, however,

as previously indicated, this approach failed to provide the desired degree

* •of accuracy. The method euployed consisted of utilizing four sizes of inlet

blank-off plates at the entrance duct to the Electro-Cell unit. Approximately

six feet downstream of the inlet and immediately prior to venturi entry, a

pitot tube traverse was conducted for each of the four inlet plates. Each

traverse consisted of sixteen (16) check points taken in the center of

three-inch squares, having divided the one square foot duct into sixteen

individual squares. The velocity pressures at each point were obtained

and recorded along with temperature and barometric pressures. From these

traverses, the total air volumes were calculated as indicated in Table #2,

followed by actual calculation and computer data. The results of these

traverses were as follows:

1) 12 square inch opening inlet plate provided 2517.6 actual cubic

feet per minute.

2) 18 square inch opening inlet plate provided 3827.6 actual cubic

feet per minute.

3) 24 square inch opening inlet plate pro,!.:ed 4732.0 actual cubic

feet per minute.

4) 36 square inch opening inlet plate provided 7334.1 actual cubic

Sfeet per minute.

Using then, an entry area to the Electro-Cell unit of 14.63 square

feet, these values provide cell velocities of 172.1, 261.6, 323.4, and 501.3

feet per minute, respectively.

-3-



U
B. Dust Sampling & Efficiencies

Having established total system flows, a series of upstream and

downstream dust loading shmples were obtained using the AAF 5-inch sampling

devices. Since velocity pressures are incorporated in the formulation of

iso-kinetic sampling rates, it was necessary to derive the velocity pressure

by calculation rather than direct measurement due to the low pressure

values. From Table 1, it will be noted that duct flow in feet per minute

is indicated for each of the four inlet plates employed. (Duct area was

10 square feet.)

Using these volumes, we are able to calculate the average velocity pressure

in the duct by means of

VP - Velocity (FPM)Vp 4005

where Vp is the velocity pressure, v - velocity in feet per minute, and 4005

the cotistant. Having derived the .velocity pressure values, sampling rates

were determined for upstream and downstream units incorporating various

sized inlet tips. However, since the velocity pressure values are the

average at the particular system volumes, it was determined that sampling

rates slightly larger than iso-kinetic should be used during sampler runs

to insure that sufficient sampling was accomplished. This will not affect

the results of the loading tests since each cubic foot of air contains a

volume of dust consisting basically of 0 - 5 micron material which has

negligible gravitational and inertial forces acting upon it, due to the

minute size. This volume vs. air sampled provides the actual dtist loading

in grains per cubic foot.

The individual tests, consisting of upstream and downstream sampling,

conducted simultaneously, were performed at various unit flow as illustrated

in Table 1. As will be noted from this Table, the inlet grain loadings

ranged from 0.00120 to 0.00290 grains per cubic foot of air and the outlet

grain loadings varied from 0.0005 to 0.0001 grains per cubic foot. The

efficiency band with both Electro-Cell units energized varied from 82.75%

to 97.64%..

Compiling the results of the total test program, it was established that

the actual flow rate at which the two-stage Electro-Cell would provide

£ approximately 90% efficiency was 501 FPM cell velocity with the total systEm

flow at 7334.0 C17M. Also one test was conducted with only one bank of

Flectro-Cells energized and the test conducted at these conditions provided

an 80% coll.'ction efficiency.



I A sununary of all teaLS is i~luwtrated in Tablesa 1, 2, and 3, followed

by actual test data and comiputer printouts,

I Ri c hard1 ýP. Williams Wilson Welch

ws: 19 MAY 1975

ATTACHMENTS

cc: PEP#662 
'

'1 K. Westlin
*H. Dic~hane

a. Ashe
Orig. -PEP #702
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TABLE 2
Pitot Tube Velocity Traverse Summary It

J,• on Venturi Inlet

DATE 4/7/75 4/8/75 4/10/75 4111/75

: TEST NO. V-1 V-2 V-3 V-4

ORIFICE SIZE• (N•36 12 18 24
(IN2)

" ~~BA ;.,t•t,7 1IC PRESSURE ,ABSOLRT E 30.07 30.07 29.98 29.88
• •, ABSOLUTE '

DRY BULB TEMPERATURE 130.0 127.0 130.0 130.0

WET BULB TEMPERATURE 130.0 127.0 130.0 130.0

DENSITY - lbs/ft 3  0.06377 0.66440 O.0637 0.06334

PITOT TUBE CORR. .1
FACTOR 1.0 1.0 1-0 i. 0

INLET SIZE(FT 2) 1.0 1.0 1.0 1.0

NO. OF POINTS 16 3.6 16 16

f ACFM* 7334.1 2517.6 3827.6: 4732.0

I SCFM* 6236.1 2161.8 3244.3 3996.6

[ *Calculation formulas described on following pag-e.

!S
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V..

3 ICalculation of Air Volume f rom Pitot Traverse

Computer Program 7058

Air Calculations (gas option- 1)'3

DENS .38 (PSAT'- P(DB - WB)12700 (From AMCA Standard Test'..Code :.:
DN.754 (DB + 459.6) Bulletin 210 Section IV)

P - Duct Pressure in in.Hg PB - PD

PB - Barometric Pressure in iM Hg

PD - Duct Pressure depressiou in in. Hk.

D 1B,WB - Duct Temperatures in OF

PSAT - Saturation Temperature at IM in in.lHg

ACF M 1096.5 A--

•3]' A" Duct Area in ft2

VP Corrected pitot velocity pressure in in.WG

N Number of traverse points of VP

,DENS.| ~SCRtZ ACFM •.•

DGCF= ACFM (70 + 459.67 P - PV
DGFH ACM DB + 4 59. 67P (29 .92

P ( .3895 P' (DB -. WB))( 2 . 0 36 )i n,PV (PSAT'- 1-093.13 - .576 x WB(.06 in in, UE

I PSAT and P' in psia

h
K I

. , .



FO~I C70!5:3 HAVFAI IriI.ET TO VENTURI HIPR VOLUME TEST I 7APR75 PAGE
(14' t75 I .:1 75

DUI UI:T AREA CODE = :3 CORRECTION CODE = I

GAS CODE = I BAROMETER ABS = 30..07000

DRY BULB TEMP = I:0'. 00000 WET BULB TEMP = 130.00000

LENGTH - 12.00000 W I DTH = 12.00000

PIrOT CORRECTION FACTOR = 1.00000

NO. OF POINTS 16

YELOCIlY PRES.SURE

1 POS IT I ON

1 2. 5 , 0
2 -2500

4 2.750
5:-. 0 ci

3CA:3 _. l o 0
:3. r0nO

11) :3. 0 00
': 11 2.9 00

:3. 100

14 2.70 'C
19 2.9 0 0

S:3. 000

RI = 1.689 0898 DARER = 1. 000 SQ FT

DENS - '. 06:377 ACFM = 7334.1

SF

g; I

'I

I



IORM 8,705, NI'tVFFiC INLET TO VENTIJRI AIR YOLIJME TEST 2 SHPR75 PAGE

04/'I ./715 10:34

A ]tJUCT AREA CODJE CO:RRECTION CODE = I

GA5; CODE B :AROMETER FIBS = ,0..07000

.Y BULB TEMP 127.00001 WIET BULB TEMP 127. 00000

, LEI6TH= 12.00000 1A IIDTH 12.0000

PITOT CORRECTION FACTOR = 1.00000

NO. OF POINTS = 16

"U OITIOr ' ELOCITY P'rES:$.URE

3'~C '2 . '4 0'

14
1 0.3.2

0.450
0 . : 5 0

• 231 0. 35 0
. ... Ij. .. :. 4 0

! ! :32 0. '"5 0

,,. 35 0
34 n :1. 3E,

41 0. :01 0
4. 0.35 0

S' 43 0.4 :00
44 0.400

.M = 0..5826707 FIREA = 1.000 SO FT

tEIT: 0 .06,44 0 ACFi - 2517.6

:;CFM = 1161.8

l'I

i 3
*1



FORM 1,'7058 HAVFtFC INLET TO VENTURI AIR VOLUME TE:'ST 3 10 APR75 PRAGE 4
/2 1 ..7 1

DlUCT AREA COtDE :3:-:CORRECTION CODE = 1

"GARS CODE = I BAROMETER ABS = 29.98000
i D I..R' BULB TEMP 1:30.00000 ET BULB TEMP 130. 00000

LENlGTH. = 12. 00000 I,.IIDTH =12.00000

if PITOT CORRECTION FACTOR = 1.00000

NO. OF POIMTS = 16

POSIT I on vELOC I TY PRE:'2&::LIRE

", ii• 1 i':. 6.5 C_
12 0.550

S14 0 . 68:30

21 0. 750

,.22 4 0. 8• 0 0
231 0.750

32 0 . :? 0

41 0. 85 0
ii 41- O. :3-5'00

• ' 4:3 ':" , :-1)0:0

44 0.5510

J. rM = 0.'3801271 DARER 1.000 SQ FT

D E N S. 06357 ACFM = 3827.6

- :-SCF F ...1 3244.3

:13<IN



I FORM C705:3 FiAVFAC INLET TO VEMTUR.X AIR VOLUME TEST 4 I].UPR?5 PAGE 3
S 04/2 1/75 t10: 19

I ,TIJCT AREA COD. = 3 CORRECTIOMN CODE

(. GtS CODE = B :AROMETER ADS = 29,. 38000

DRY BULB TEMP = 1:30.OO0000 IWIET BULB TEMP = 130.00000

I LENGTH = 12. 00000 WIDTH = 12.00000

PITOT CORREC'TI.N FACTOR = 1.00000

I , O. OF POINTS = 16

PO'SITION VELOCITY PRESSURE
S11 1. 000O

i•12 Mo.o: 0

4 . 14 I. 10n

1 . 25 02 1 1 '-:1

• ;I ":":'1.3S00
24 1.250"i 24 1. 25'n

t :-: .3 50
• • 3:3 1 .' 50
"41 1.050

42 1.200

43 1. 150
" 44 1.100

RM 1.0861518 DAREA = 1.000 SO FT

. l'DENS. = 0.063:34 ACFM = 4732.0
•',',,C ,.*1 = ,..r9 S'6 t6

I - -..

- - ...... ...- ---------------------------------- - - - - --

14;c



FORM C7040 NAVFAC JET DUST SAMPLER TEST 1 UPSTREAM 9APR75 PAGE I

04/21/75

TEST DATA

CONCENTRATION DETERMINATION MADE USING R

FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER GAS: AIR

TEST PAD(S)

PADI V-839
PAD2

TOTAL FINAL PAD(S) WEIGHT 2.00080 GRAMS
TOTAL INITIAL PAD<S) WEIGHT 1.98190 GRAMS
TOTAL PAD(S) WEIGHT GAIN 0.01890 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 30.100 IN HG

FORM C7040 NAVFAC JET DUST SAMPLER TEST 1 UPSTREAM 9 APR75 PAGE 2
04,21/75

TIMEI TIME2 DUCT DB DUCT WB SAMPLER DB OPD SAMPLER WIB PSAH PPWH DENS

0.00 5.00 130. 1:30. 250. 1.67 137.9 30. 100 4.526 0.0532
5.00 7.00 130. 1:30. 240. 1.66 137.3 30.100 4.526 0.0539
7.00 10.00 130. 1130. 230. 1.65 136.3. 30.100 4.526 0.0547
10.00 15.0O0 1:30. 130. 230. 1.65 I .6 30.100 4.526 0.0547

10.00 15.00 130. 130.. 230. 1.65 137.3 30.100 4.526 0.0547
15.00 20.00 130. 130. 240. 1.66 137.3 30.100 4.526 0.0539
20.00 25.00 1:30. 130. 245. 1.67 137.6 30.100 4.526 0.0536
25.00 30.00 1:30. 130. 245. 1.67 137.6 30.100 4.526 0.0536
30.00 35.00 130. 130. 250. 1.67 137.9 30.100 4.526 0.0532
35.00 40.00 130. 130. 250. 1.67 137.9 30.100 4.526 0.6532 1
40.00 45.00 1:30. 130. 250. 1.67 137.9 30.100 4.526 0.0532
45.00 50.00 130. 130. 245. 1.67 137.6 30.100 4.526 0.053650.00 52.00 1:30. 130. 250. 1.67 1037.9 30.100 4.526 0.0532. i i

0O~-0
FORM C7040 NAYFAC JET DUST SAMPLER TEST I UPSTREAM 9APR75 PAGE 3
04/21/75 ,u

Y.3UIJ = 100.8518 TOTAL ACTUAL SAMPLED 'vOLUME AT SAMPLER TEMP. AND PRESS., ACF

01ýJM = 64.8744 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG

7DFI_ JUM= 84.4977 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.

P'Hr, WEIGHT GAIN 0.0189 GRAMS c I

iflIrI'.HCF 0 0. 0029 GPAINS PER CUBIC FLOT AT SAMPLER CONDITIONS, GR/RACF

0., -_045 3PFHIN3 PER CU FT OF DRY GAS AT 70 DEG.F AND 29.92 IN HG

.'UTj'C RCF 0 .00,35 f SE U DOpTh.&lT DUCT_ CODTOS, RUCT ACF



iFOR C7040 MAVFAC JET DUST SAMPLER TFST I DOWNSTREAM 9.APR75 PAGE 4
04/21/75

TEST DATA

CONCEMTRATIOI. DETERMINRTION MADE USING R

FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER GAS: AIR

TEST PAD(S)

PADI V-340

PRD2

TOTAL FINAL PAD(S) WEIGHT 1.97860 GRAMS
TOTAL INITIAL PAD(S) WEIGHT 1.97450 GRAMS
TOTAL PRD(S) WEIGHT GAIN 0.00410 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 30.100 IN HG

FORM C7040 HAVFAC JET DUST SAMPLER TEST I DOWNSTREAM 9RPR75 PAGE 5
04a21/75

TIMEI TIME2 DUCT DB DUCT WB SAMPLER DB OPD SAMPLER WP PSRH PPWH DENS

0.00 2.00 128. 128. 225. 4.20 134.8 30.100 4.290 0.0553
2.00 7.00 128. 128. 225. 2.20 134.8 30.100 4.290 0.0553
7.00 10.00 128. 128. 225. 2.20 134.8 30.100 4.290 0.0553

!0.00 15.00 128. 128." 236. 2.17 135.5 30.100 4.290 0.0544
15.00 20.00 130. 130. 255. 2.12 138.2 30.100 4.526 0.0528
20.00 25.00 1:30. 130. 245. 2.14 137.6 30.100 4.526 0.0536
25.00 30.00 130. 130. 245. 2.14 137.6 30.100 4.526 0.0536
30.00 35.00 130. 130. 250. 2.16 137.9 30.100 4.526 0.0532
35.00 40.00 1:30. 1:30. 240. 2.19 137.3 30.100 4.526 0.0539
40.00 45.00 130. 130. 245. 2.14 137.6 30.100 4.526 0.0536
45.00 50.00 130. 130. 235. 2.17 1:37.0 30.100 4.526 0.0543
50.00 52.00 130. 130. 235. 2.17 137.0 30.100 4.526 0.0543

0

FOPM =7040 NAYFAC JET DUST SAMPLER TEST I DOWNSTREAM 9APR75 PAGE 6

04/21/75 c

03S-UM =116.2136 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS., ACF

O'DrUM = 75.4516 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG 1

,7,I'jUM= 97.8994 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS. o

riir• UIEIGHT 111l = 0.0041 GRAMS

"0.0005 GPFHINS PEP CUBIC FOOT AT SAMPLER CONDITIONS, GR/ACF

hi, IA 0. 0')009 GRAINS PER rU FT OF DRY GAS AT 70 DEG.F AND 29.92 IN HG

° 0. ., . . . . D i0 r..± j " - l '.. . ..4



FORM C7040 NAVFAC JET DUST SAMPLER TEST 2 UPSTREAM 9'APR75 PAGE I

04/2 1i75

TEST DATA

CONICENlTRATION DETERMINATION MADE USING R

FIVE INICH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER GRSA AIR

TEST PAD(S)

PADI CT-518

PAD2

TOTAL.FIIflL PAD(S) WEIGHT 2.08120 GRAMS
TOTAL INITIAL PAD(S) WEI6HT 2.07260 GRAMS
TOTAL PAD(S) WEIGHT GRIM 0.00860 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 30.050 IN HG

- ------------ --

FORM C7040 RAYFAC JET DUST SAMPLER TEST 2 UPSTREAM 9APR75 PAGE 2

04,'21/75

TIMEI TIME2 DUCT DB DUCT WB SAMPLER DD OPD SAMPLER US PSAH PPWH DENS

0.00 1.00 13.. 130. 250. 1.66 137.9 30.050 4.526 0.0531

1.00 3.00 130.,. 130. 245. 1.6 137.6 30.050 4.526 0.0535

3.00 5.00 130. 130. 240. 1.66 137.3 30.050 4.526 0.0538

5.00 8.00 130. 130., 230. 1.65 136.7 30.050 4.526 0.0546
8.00 10.00 130., 130. 235. 1;65 137.0 30.050 4.526 0.0542

10.00 15.00 130. 130. 235. 1.65 137.0 30.050 4.526 0.0542

15.00 20.00 130. 130. 240. 1.66 137.3 30.050 4.526 0.0538

20.00 30.00 130. 130. 235. 1.65 137.0 30.050 4.526 0.0542

30.00 35.00 130. 130. 230. 1.65 136.7 30.050 4.526 0.0546

35.00 40.00 130. 130. 235. 1.65 137.0 30.050 4.526 0.0542

40.00 45.00 130. 130. 230. 1.65 136.7 30.050 4.526 0.0546

45.00 50.00 130. 130. 235. 1.65 137.0 30.050 4.526 0.0542

50.00 55.00 130. 130. 235. 1.65 137.0 30.050 4.526 0.0542

55.00 60.00 130. 130. 235. 1.65 137.0 30.050 4.526 0.0542

-------------------------------------- - --- - -------------- -

FOPM C7040 NAVFAC JET DUST SAMPLER TEST 2 UPSTREAM 9APR75 PAGE 3

04/21/75

...LIM = 115.2 435 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS., ACF

ClIJM = 74.9531 TOTRL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG

,rD;Ur1= 97.3162 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.

F tiit I-lf_ IGHT GPIN! 0. 0086 GRAMS

<iF U . rf12 GRAIN3 PER CUBIC FOOT AT SAMPLER CONDITIONS, GR/ACF

S0 .O(119 GRAINS PER CU FT OF DRY GAS AT 70 DEG.F AND 29.92 IN HG

S•":-.•.• • •..;'•',-• •' --, • .... + I 5-



FOPH C7040 tIRVFAC JET IJU&T SAMPLER TEST 2 DOWtI3TREAM 9 APR75 PAGE 4
04/21/75

TEST DATA

COtiCENTRRiTION'DETERMIMATION MADE USING A

I FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

SI CARRIER GAS: AIR

TEST PAD(S)

I, FIADI CT-519
PRb2

TOTAL FINAL PAD(S) WEIGHT 2.03620 GRAMS
TOTAL INITIAL PHD(S) WEIGHT 2.03450 GRAMS
TOTAL PAD(S) WEIGHT GRIN 0.00170 GRAMS

I ) BAROMETRIC PRESSURE ABSOLUTE 30.050 IM.HG

----------- -------------------------------------------------

FORM C7040 NAYFAC JET DUST SAMPLER TEST 2 DOWNSTREAM 9 APR75 PAGE 5
'I 04/21/75

TIMEI TIME2 DUCT DB DUCT WB SAMPLER DI OPD SAMPLER WI PSAH PPWH DEIHS

0.00 5.00 120. 120. 250. 4.20 130.6 30.050 3.446 0.0538
5.00 9.00 13Q. 130. 235. 4.12 137.0 30.050 4.526 0.0542
9.00 15.00 130. 130. 240. 4.15 137'.3 30.050 4.526 0.0538

1 15.00 20.00 130. 130. 210. 3.99 135.5 30.050 4.526 0.05S2520.00 25.00 130. 1:30. Z225. 4.06 136.4 30.050 4.526 0.0550
25.00 30.00 130. 1901. 225. 4.06 136.4 30.050 4.526 0.0550
30.00 35.00 130. 1:30. 220. 4.02 136. t 30. 050 4.526 0.0554

I9ý5. 00 40.00 130. 130. 2:30. 4. 09 136.7 30.050 4.526 0.0546
40.00 45.0W)0 130. 130. 1225. 4.06 1.36.4 30.050 4.526 0.0550
45.00 50.00 13. 10 Ž2. 46 136.4 :30. 05,0 4.526 0.0550
50.00 55.00 131'. 131. 230. 4.09 137.5 30.050 4.648 0.0545
"55.00 60.00 132. 132. 230. 4.09 138.3 30.050 4.773 0.0544

- -- -----------------------------------

FORM C7040 NAVFAC JET DUST SAMPLER TEST 2 DOWNSTREAM •APR75 PAGE 6
04/21/75

QSSUM 130.3103 TOTAL ACTUAl. SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS., ACF

I QDSUM = 113.6034 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG

ODASUM- 154.2770 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.

I I PAD WEIGHT GAIN m 0.0017 GR•MS

C:OHC/ACF = 0.0001 GRAINS PER CUBIC FOOT AT SAMPLER CONDITIONS, GPR'CF

JDNC/DG:SCF w 0.0002 6PRIMS PER.CU FT OF DRY GAS AT 70 DEG.F AND 29.9.2 IN HG I8c



FORM C7040 UARVFrC JET DUST SAMPLER TE.ST 3 UPSTREAM 1UHMPW( rmnu i

04/22/75

TEST D'TA I
CONCENTRATION DETERMINATION MADE USING A

FIVE INCH SAMPLER WITH A ONE-FOURTH INCH DRI CEI i
CARRIER GAS' AIR

TEST PAD(S)

PAJ1 CT-521
PAD2

TOTAL FINAL PAD(S) WEIGHT 1.99660 GRAMS 3
TOTAL INITIAL PAD(S) WEIGHT 1.98320 GiRAMS
TOTAL PAD(S) WEIGHT GAIN 0.01360 GRAMS

=• LAROMETRIC P'RESSURE ABSOLUTE 29.950 IN HG -:

FORM C7040 HAVFRC JET DUST SAMPLER TEST 3 UPSTREAM 1ORPR75 PAGE 2 a.04'22'75 -

TIMEr TIME2 DUCT DE DUCT WD SAMPLER DR OPD SAMPLER WB PSAH PPWH DENS

0.00 2.00 130.- 130. 245. 3.75 137.6 29.950 4.526 0.0533
2.00 5.00 130. 130. 240. 3.75 137.3 293950 4.526 0.0537
5.00 10.00 130. 130. 235. 3.75 137.0 29.950 4.526 0.0540

10.00 15,00 130. 130. 240. 3.7$1 137.3 29.950 4.526 0.t;537
15.00 20.00 1:31. 131. 245. S3.75 138.3 29,950 4.648 0.0532
20.00 25.00 1132. 132. 240. 3.75 13A.8 29.)50 4.773 0.0535
25.00 30,00 132, 132. 240. 3.75 133.8 29.')50 4.773 0.0535
30.00 35.00 132. 132. 240. 3.75 133.8 29.:50 4.773 0.0535
35.00 40.oo 132. 132. 240. :.75 133.8 29.S50 4.773 0.0535
40.00 45.00 132.- 132. 245. 3.75 139.1 29.910 4.773 0.0531
45.00 50.00 132. 132. 245. 3.75 139.) 29.950 4.773 0.0531
50.00 55.00 13a, 132. 245. 3.75 139.1 29.9!..0 4.773 0,0531
55.00 60.00 132." 132. 245. 3.75 139.1 29.950 4.773 0,0531

FORMl C7040 INAYFAC JET DUST SAMPLER TEST 3 UPSTREAM 10APR75 PAGF 3
04,'22'75

OSSUM = 174.9916 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. -AND PRESS., ACF

QDALIM - 111.4372 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F Al'II ;'9.92 IN HG6

ODItASU14 147.4464 TOTAL ACTURL SAMPLED VOLUME AT DUCT TEMP. ANDJ PRESS.

PAD WEIGHT GAIN = 0.0136 GRAMS

CONC/ACI - 0.001 GRAIidS PER CUBIC FOOT AT SAMPLER CONDITIOMS* GR/ICF

=- PER CU WFLFDRY GAS AT 70 DEG.F AND £9.92 IN HG



FORM C7040 tl;iVF',A JET DL.&:T :-AMPLER TEST 3 DOWNSTREAM I0APR75 PAGE 4

04/22/75

TEST DATA

CUNCENTRATION. DETERMINATION MADE USING A

FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER GAS: AIR

TEST PAD(S)

PADl CT-520

?AD2

TOTAL.,FINRL PAD(S) WEIGHT 2.,01270 GRAMS
TOTAL INITIAL PAD(S) WEIGHT 2.01200 GRAMS
TOTAL PAD(S) WEI6HT GAIN 0.00070 GRAMS *r BAROMETRIC PRESSURE ABSOLUTE 29.950 IN HG

JA
.3

FORM C7040 NAVFAC JET DUST SAMPLER TEST 3 DOWNSTREAM IOAPR7T PAGE 5
04/22/75

. TIMEI TIME2 DUCT DI DUCT WB SAMPLER DB OPI) SAMPLER WE VSAH %PWH DEý, I,

0.01, 5,00 125. 125. 250. 9.58 134.1 29.950 3.955 0.053^
05.00 10.00 132.,, 133. 210. 9.07 137.1 29.950 4.773 0.05'57

10.00 15.00 133. 132. 210. 9.07 137.9 29.950C 4.901 0.0557
15.00 20.00 1.35. 135W. 220. 9.17 140.1 29,950 5.x66 0. Ob;7
20.CO a5.00 133. 133. 220. 9. t7 138.5 29.950 4.901 0,0549
25.00 3U.00 13-5. 135. 220. 9.17 140.1 29.950 5.166 0.0547
30.00 :35. u6 135. 1:35. 2L5. 9.26 140.4 Z9.9'.0 5.166 0.0543
35.00 40.00 135. 135. 225. 9.26 14b.4 2?.9,50 5.166 0.0543
40.0U 45.00 132. 133. 225. 9.26 133.8 29.950 4.901 0.0545
45. 00- 50.00 133. 133. 2Ž5. 9.26 319,'2 29.9:.0 4,90) 0.0545
"50.00 55.00 1:33, 13:3. 2215. 9.26 13S.*3 29.950 4.901 0.0545
55. 00 60." 123 133. 225. 9.26 1.8 29.950 4.901 0.0364%i

FOP•$ C7040 hAVFAC JET DUST SAMPLER TEST 3 DOWNSTREAM 10APR75 PAGE 6
F~i 04rŽ2r75

)S',,SIJM - 271.3594 TOTAL ACTUAL SPMPLED VOLU'ME AT SAMPIER TEMP. AND PRESS.; ACF

QD:2;IJM = 176. 1802 TJTAL DRY GAS •AMPLED VULUME AT 70 DEG.F AND 29.52 IN HG

0DA."UM- 235.4408 TOTAL ACTTUAL SAMPLED VDrjLUME AT DUCT TEtIP. AND PRESS.

ellPAD WEIGHT GAIN = 0. 0007 GrAPMS

COIlC/ACF 0 0. 0000 G7RAINS PER CUBIC FOOT AT SAMPLER CONDITIONSp GR'ACF

5 ....... DciCF 5 0.0001 GAINSi PER CU FT OF DRY GHkS AT 70 DEG.F AND 29.92 IN HKG



F3f'M C7,040 IIHVFHC JET Tj117T ":AMPLER TEST 4 UPSTREAM IAPR75 PAGE I

JEST DATA

COtI'ENTRMTIOnr DETERMINAiTIO1N MADE USING A

FIVE INCH SAMPLER WITH A ONE-FOURTH INICH ORIFICE

CARRIER GAS' AIR

.?
TEST PAD(S)

PADI CT-523Sfl"

TOTAL FINHL PADI(S) WEIGHT 2.00180 GRAMS •
TOTAL INITIAL PAD(;) WEIGHT 1.96110 GRAMS
TOTAL PAD(S) WEIGHT GAIN 0.04070 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 29.740 IN HG

FORM C7040 NAY'FAC JET DUST SAMPLER TEST 4 UPSTREAM 11APR75 PAGE 2

TIMEI TIMEŽ DUCT 11B DUCT UP SRMPLER DB OPD SAMPLER WB PSAH PPWH DENS

"0.00 5.00 130. 130. 245. 5.75 137.5 29.740 4.526 0.0529
5.00 8. 00 131. 131. 240. 5.75 138,0 29.740 4.648 0.0532
3.00 12.00 1:31. 131. 225. 5.71 137.1 29.740 4.S44 0.0543

12.00 15.00 13Ž. 132." 230. 5.75 13:3.2 c;9.740 4.773 0.0538
15.00 20.00 132. 132. 240. 5.75 138.8 29.740 4.773 0.0531
2' 0.00 35.00 13 2. 132. 245. 5.75 139.0 29.740 4.773 0.052?
35.00 45.00 1-_32. 132. 245. 5.75 139.0 29.740 4.773 0.0527
45.00 60.00 1 -32. 132. 245. 5.75 139.0 29.740 4.773 0, 05'97Ž
60.00 65.00 132. 132. 250. 5.75 139.3 a9.740 4.773 0.052:3
65.00 70.00 132. 132. 240. 5.75 138.8 29.740 4.773 0.05:31
70.00 85.00 132. 132. e.45. 5.75 139.0 29. "e40 4.773 0l.0527

85.00 90.00 132. 132. 240. 5.75 133.8 29.740 4.773 0.0531

FORMI C7040 !4AYFAC. JET DUST SAMPLER TEST 4 UPSTREAM IIAPR75 PAGE 3
04.'22/75

0S = 326.5124 TOTAL VICTUAL SAMPLED VOLUME AT SAMPLER TEMIP. AND PRES;S., ACE

01:31.1-1 = 203.6521 TOTAL DRY GAS: SAMPLED VOLUME AT 70 DEG.F FIND 29.92 IN HG

0'tiS'JUM= 274.95'?0 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.

3PAD WEIGHT GAIN 0. 04071 GRAM.S

C.0C/.'iCF ( 0.0019 GRAIN:3 PER CUBIC FOOT AT SAMPLER CONDITLDNS. GR-ICF

S3 JoriC/DG,'SCF .(00ý31 GRAINS PER CU FT OF DRY GAS• AT 70 DEG.F FIND 29.92 IN HG 2L"



FORM C7040 NRVFMC JET DUST -SMPLER IEST 4 DOWNSTREh•i 11F'•5 fF-
04'22/75

I TEST DATA

CONCENTRATION DETERMINATION MADE USING, A

FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER GAS: AIR
-7

TEST PAD(S)

PADI CT-522

ST NPAD2

TOTAL FINRL PAD(S) WEIGHT 1.97430 GRAMS
TOTAL INITIAL PAD(S) WEIGH4T 1.97280 GRAMS :
TOTAL PAD(S) WEIGHT GRIM 0.00150 GRAMS

ARROMETRIC PRESSURE ARSOLUTE 29.740 IN HG

I ----------------------------------------------------------

.1
FORM C7040 NAYFAC JET DUST SAMPLER TEST 4 DOWNSTRERM IIAPR75 PAGE 5
04'22'75

TIMEl TIMEE DUCT DE DUCT Wb SAMPLER DD OPD SAMPLER WB PSAH PPWH DENS

0.00 5.co 1:30. 1300 230. 14.50 136.6 29.740 4.52C 0.0540
5.00 10.00 i32. 131. 200. 14.50 136.4 29.740 4.773 0.0562

10.00 15.00 13Ž. 132, 2.00. 14.50 136.4 29.740 4.773 0.0562
15,00 20.00 133, 1:33o, 210* 14,5 1:37.8 29,740 4,901 0.0553
20.00 2-5.00 l3s. 133. Ž10. 14.59 137.3 29,740 4.901 0.0553
25.00 30.00 133. 133. 220. 14.50 1:38.4 29.740 4.901 0.0545
30.00 35. 00 133. 133. 215. 14.50 1383.1 29.740 4.901 0.0549

35.00 40.00 133. 13:3. 225. 14.50 133. 7 29.740 4.901 0.0541
40.00 45.00 133. 133. 230. 14.50 139.0 29.740 4.901 0.0537
45.00 50.00 133. 133. 225. 14.50 138.7 29.740 4.901 0.0541
50.00 55.00 133. 133. 229. 14.50 133,9 29.740 4.901 0.0539

55.00 60.00 133. 133. 235. 14.50 139.3 29.740 4.901 0.0534
60.00 65.00 133. 133. 232. 14.50 139.1 29.740 4.901 0.0536
65.00 70.00 133. 133. 230. 14.50 139.0 29.740 4.901 0.0537
70.00 75.00 1t3. 133. 225. $4.50 139.7 29.740 4.901 0.0541
75.00 30.00 133. 13:3. 230. 14.50 139.0 29.740 4.901 0.0537
30.00 35.00 133. 133. 230. 14.50 1:39.0 29.740 4.901 0.0537
85.00 90.00 133. 133. 232. 14.50 139.1 29.740 4.901 0.0536

F ORM C7040 NAVF'FC JET DUSC SAMPLER TEST 4 DOWNSTREAM IIAF'R75 PAGE 6
04/22/75,

3 OSSUM = 511.6152 TOTAL ACTUAL SAMPLED VOLUME AT SAMFLER TEMP. AND PRESS., RCF"j

QDŽUM 330.2321 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG

U--DR3UM. 444.2592 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.a -I I I I I I I I I



'IFORM C7040 MRVFAC JET DUST SAMPLER TEST 5 LIPSTREJIM I1dPR7S PAGEI

fi TEST DATA

CUNCEMTRATIOrI DETERMINAIIO MALDI USING A

FIVE I1CH SAMPLER WITH A CNE-FOURTH INCH ORIFICE
i='n I

CARRIER GRS' AIR

TEST PRD<S) Al

PRDI CT.--525 •
r. PAD2

TOTATL FINAL PAD S> WEIGHT 2.08490 GRAMS
TOTAL INITIAL PAD(S) WEIGHT 2.04480 GRAMS
TOTAL PAD(S) WEIGHT GRIN 0.04000 GRAMS

BAROMETRIC PRESSURE ABSOLUr 8 29.770 IN HG

FORM C7040 NAVFAC JET DUST SAMPLER TEST 5 UPSTREAM 11APR75 PpGE aI 04/'22/75

J TIMEI TIME2 DUCT DP DUCT WP SAMPLER DD EPD SAMPLER WB PSRH PPWH DENS

0.00 3.00 132. 132. 235. 5.75 133.5 29.770 4.773 0.0535
3.00 5.00 132. 132. 230. 5.75 133.2 29.770 4.773 0.0539
9 5.00 9.00 132. 132., 230. 5.75 133.5 29.770 4.773 . 0.539
9.00 19.00 132. 132, 235, 5.75 138.5 29.770 4.773 0.0535

19.00 30.00 132. 132. 230, 5.75 133.2 29.770 4,773 0.0539
'30.00 35.00 132. 132. 235. 5.75 133.5 29.770 4.773 0.0535
35.00 40.00 132. 132. 240. 5.75 133.8 29.770 4.773 0.0531
40.00 50.00 132. 132. 2:45. 5.75 133.5 29.770 4.773 0.0535
50.00 70,00 132. 132. 2340. 5,75 138.3 29.770 4.773 0.0531

70.00 79O00 132. 132. 235. 5.75 133.5 29.770 4.773 0.0535

75,00 90.00 132. 132. 230. 5.75 133.2 29.'770 4.773 0.0539

< 3 FORM C7040 NAVFAC JET DUST SAMPLER TEST 5 UPSTREAM 11APR75 PAGE 3
04/22/75

QSSUM - 324.6415 TO3TAL ACTUAL. SAMPLED VULUNIE AT SAMPLER TEMP. AND PRESS., ACI?

OIDSUM - 206.8295 TOTAL DRY GAS SAMPLED VOLUME HT 70 DE'.,F AND 29.92 IN HG

< 3 QDASUM= 276.5499 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.

PAD WEIGHT GAIN 0.0400 GRAMS

O C .. -. 00. 9 GRAINS PER CUBIC FOOT AT SAMPLER COHDITIONS, GR-RCF

U , _ _ _ _



FOPM C7040 I'IAVFAC JET DUST SHMPLER TEST 5 DOlWN4STRERM IJAPPV5 PAGE 4

04,,22./75 "

TEST DATA

CONCENTRATION DETERMINATIOM MADE USING A

,I FIVE INCH SAMPLER WITH R ONE-FOURTH INCH ORIFICE

CARRIER GAS' AIR

TEST PAD<S)

PADI CT-524
PAD2

TOTAL FINAL 'PADS) WEXGHT 2.01220 GRAMS
TOTAL INITIAL PAD(S> WEIGHT 2.00o00 GRAMS
TOTAL PRD(S) WEIGHT GAIN 0.00320 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 29.770 IN HGII

I *

-- --------------------------------------------------------- 4I
FORM C7040 NAYFRC JET DUST SAMPLER TEST 5 DOWNSTREAM 11APR75 PAGE 5g 04/22'75

TIMEI TIME2 DUCT DB DUCT WB SAMPLER DB OPD) SAMPLER WB PSAH PPWH DENS

0.00 5.00 133. 133. 220. 14.50 138.4 29.770 4,901 0.0546
5.00 I0.00 133. 133. 220. 14.50 133.4 29.770 4.901 0.0546

10.00 15.00 133. 1.33. 225. 14.50 138.47 29.770 4.901 0.0542
15.00 15.00 1:33. 1:33. 225. 14.50 139.0 29.770 4.901 0.0534
20.00 25.00 133. 133. 2:30. 14.50 139. 0 29.770 4.901 0.0533
23.00 30.00 133. 133. 230. 14.50 139.0 29.770 4.901 0.0533
30.00 30.00 1,13. 133. 230. 14.50 139.0 29.770 4.901 0.0538

35.00 40.00 133, 133 2:30, 14,51 139. 29.770 4,901 $ ; .0535
40.00 45.00 133. 133. 2:30. 14.50 139. 0 E29.770 4.901 0.0538
450.00 65.00 1:33. 133. 2.30 14.50 139.0 29.770 4.901 0.0536
50.00 55.00 133. 1:13 2;30. 14.50 139.0 ,29. 770 4.901 03.0533
155.00 6 0.001 133. 133, 230.* 14,50 1.39,11 29,7701 4"401 ), "_:3• a

0. 600 65.00 133. 1:33. 21:32. 14.50 139.1 2•9.770 4.901 0.05.36

65.00 70.00 1:33. 1:. 2.34. 14.50 1.-9.a 29.770 4.901 0.0(5:35
70.'0 75.00 133. 13:3. Z.35. 14.50 139.3 29.770 4.901 0.0534
75.00 80. 00 133. 13:3 2:35. 14.50 139.3 29.770 4.901 0.0534
SO. 00 .5. 00 133. 133, 2.34. 14.50 1:39.2 2'9.770 4.901 0.0535
85.00 90.00 13' . 132. 232. 14.50 139.3 29.770 4.773 0.0537

SI

FORM C7040 IIA'FAC JET DUST SAMPLER TEST *5 DOWHSTREAM IIAPP75 PAGE 6I04'/22/75
S Q.S.UM = 514,0999 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS., RCF

C1t'SUN - 3Ž8.3407 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG,

QDA,4JU=._. 441.9593 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS. 24



FORM C7040 MA'FAC JrT DUST SAMPLER TEST 6 UPSTREhM 14APR75 PA6c A
"04/22/75

i' TLST DATA

CONCENTRATION. DETERMINATION MADE USING A

FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

- BCARRIER GASi AIR

TEST PAD(S)

j PADI CT-531S~PRO2 a

TOTAL FINAL PAD(S) WEIGHT 2.00440 GRAMS
TOTAL INITIAL PAD(S) WEIGHT 1.95010 GRAMS
TOTAL PAD(S) WEIGHT GRIM 0.05430 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 30.130 IN HG

I :

• FORM C7040 NRVFRC JET DUST SAMtPLER TEST 6 UPSTRERt' •",rlPP.w, PAGE 2: &04/22/75

TIMEI TIME2 DUCT DB DUCT WI SAMPLER DB OPD SAMPLER W PFSAH PPWH DENS

0.0 .0 3. 32. 25. 5.0 1:39.4 3013 473 .03S2.00 3.00 132. 132. 245. 5.50 13. 30.130 4.773 0.0534
3.00 10.00 132. 132. 240. 5.50 133.9 30.130 4,773 0.0536

10.00 11.00 132. 132.' 223. 5.40 139.2 30.130 4.773 0.0547
11.00 14.00 132. 132. 235. 5.50 133.6 30.130 4.773 0.0542

14.00 22.00 132. 132. 240. 5.50 139.9 30.130 4.773 0.05389
10.00 25.00 132. 132. 235. 5.50 138.2 30.130 4.773 0.0542

1 25.00 30.00 132. 1:32. 230. 5.50 133.3 30.130 4.773 0.0546
S130.00 35.00 132. 132. 235. 5.50 138.6 30.130 4.773 0.0542

S5-00. 45.00 132. 132. 240. 5.50 138.9 30.130 4.773 0.0533
45.00 65.00 132. 132. 235. 5.50 133.6 30.130 4.773 0.0542
65.00 80.00 132. 132. 230. 5.50 138.3 30.130 4.773 0.0546
80.00 90.00 132. 132. 235. 5.50 139.6 30.130 4.773 0.0542

--------------------------------------------------------------------------------------------

FORM C7040 NIAVFAC JET DUST SAMPLER TEST 6 UPSTREAM 14APR75 PAGE 3
04'/?Ž'75

QSSUM = 31r.6220 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS.. ACF

QDSLM u 20S.7582 TOTAL DRY GAS ýtAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG

QDASUM" 268.5752 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.

PAD WEIGHT GAIN = 0.0543 GRAMS

7 CONC/ACF - 0.0027 GRAINS PER CUBIC FOOT AT SAMPLER CONDITIONS, GR'ACF

tK=2.•.•= gflnm/DGSCF.0.00041. GRAINS PER CU FT OF DRY GAS AT 70 DEG.F AND 29.92 IM HG, 2S



SFORM C7040 HAYFAFC JET DUST SAMPLER TEST 6 DOWNSTREAM 14 APR75 PAGE I

TEST DATA

CONCENTRATION DETERMINATION MADE USING A

FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER GAS: AIR

TEST PAD(S) AI4
PRDI CT-530
PAD2 I•

TOTAL FINAL PRD(S) WEIGHT 1.95040 GRAMS
TOTAL INITIAL PAD(S) WEIGHr 1.94330 CRAMS
TOTAL PAD(S) WEIGHT GAIN 0.00710 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 30.130 IN HG 4

4

I
FORM C7040 MAYFAC JET DUST SAMPLER TEST 6 DOWNSTREAM 14APR75 PAGE 2
04,23"75

TIMEI TIME2 DUCT DB DUCT WB SAMPLER DB UPD SAMPLER WB PSAH PPWH DENS

0.00 5.00 133. 13:3. 250. 14.00 140.2 30.130 4.901 0.05:30
5.00 10.00 133. 133. 240. 14.00 139.6 30.130 4.901 0.0537

50.00 15.00 134. 134. 240. 14.00 140.4 30.130 5.032 0.0536! *'15.00 20.00 134. 134.. 240. 14.00 140.4 30.130 5.0,32 0.0536'

60.00 25.00 134. 134. 240. 14.00 140.5 30.130 5.032 0.0535"==25.00 30.00 134, 12,4. 242. 14.00 140.5 30.130 5.032 0. 05*15

[,

i30.00 3.5.00 13,4. 134. 242. 14. 00 140.5 30.130 5.032 0.0535 •"

S35.00 40.00 134A 134. 24S. 14.00 140.5 30.130 5.DSO M R2 0.0535
i40.00 45.00 134. 134. 240. 14.00 140.4 30.130 5.032 0.0536 . "

45.00 50.00 134. 134. 240. 14.V00 140.4 30.S130 5.03A 0.0536,
50.00 5 1.00 134. 134. GSAML 14.00 140. 30.130 5.03A 0.0539
D55.00 60.00 135. 1T O3T3. 14A 0 141.1 VOL.U130 5. 166 0.0537T. D E
60.00 65.00 135. 135. 240. 14.00 141.2 30-1:30 5. 166 0.0535
65.00 70.00 13-5. 135. 240. 14.00 141.2 30.150 5.166 0.0535
70.00 75. 00 134. 134. 240. 14.00 140.4 30.130 5.032' 0.0536
75.00 830. O0 13-1. 1:44. 242. 14.00 140.5 '40.130 S.0:32 0.0535

S•i80.00 35.00 135. 105. 242.. 14.00 141.3 30. 130 5.16A 0.0534
$15.00 90.00 135. 1,35. 242. 14.00 141.3 30.130 5.166 0.0534

SFORM C7040 HIRVFHC JET D]UST SAMPLER TEST 6 DOnWNSTREAM 14HPR75 PAGE 3

04/2_3/75

03 S•UM = 506.4850 TOTAL ACTUAL SAMPLED VOLUME RT SAMPLER "TEMP. AND PRESS.*, RCF

QD:SUM m 32_0.8162: TOTAtL DR" OAS SAMPLED VOLUME AT 70 DEG,F AND 29.92 IN HG

QD$-UMm. 429.1876 TOTAL RCTUL SAMPLED VOLUME AiT.DUCT TEMP. AND PRESS.



; FORM C7040 NAVFAC JET DUST SAMPLER TEST 7 UPSTREAM 14APR75 PvsGa 1
04/23475

TEST DATA

CONCENTRATION' DETERMINATION MFIDX USING A

Li FIVE IriCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

:.1*i i CARRIER GAS' AIR

TEST PAD(S)
iPAO CT-529*i

PAD2

TOTAL FINAL PAD(S) WEIGHT 2.02410 GRAMS
TOTAL INITIAL PAD(S) WEIGHT 1.98650 GRAMS
TOIAL PAD(S) WEIGHT GAIN 0.03760 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 29.980 IN HG

* FORM C7040 NAYFAC JET DUST SAMPLER TEST 7 UPSTREAM 14APR75 PAGE 2

04/a3/75

fTIMEl TIME2 DUCT DB DUCT WB SAMPLER UB OPD SAMPLER WB PSAH PPWH DENS

S10.00 3.00 13:3. 133. 2,50. 5.50 140.2 29.980 4.901 0.0527
1.00 3.00 133. 133. 240. 5.50 139.6 29.9'30 4.901 0.0534
3.00 6.00 133. 133. 235. 5.50 1:39.3 29.920 4.901 0.0538
6.00 9.00 133. 133.' 230. 5.50 139.0 29.980 4.901 0.0542,
9.00 15.00 133. 133. 225. 5.50 139.8 29.980 4.901 0.0546

15.00 22.00 133. 133. 230. 5.50 139.0 29.980 4.901 0.0542

22.00 25.00 1:33. 133. 2225. 5..0 138.8 29.930 4.901 0.0546
25.00 .30.00 133. 133. 2 3-0,. 5.50 139.0 2.9.9:3.0 4.901 0.0542
30.00 52.00 133. 133. 240. 5.50 139.6 29.980 4.901 0.0534
52.00 55.00 133. 133, 235. 5.50 139.3 29.980 4.901 0.0538
55.00 60.00 133. 133. 240. 5.50 139.6 29.930 4.901 0.0534

:FORM C7040 IRYFRC JET DUST SAMPLER TEST 7 UPSTPEAM 14APR75 PAGE 3

04'23,e'75

.QSSUPI 2 11.0631 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS., ACF

'.iSUM % 134.9075 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG

tD:ASUM= 180. 0978 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.

if FPAD WEIGHT GAIN - 0.0376 GRAMS

U CONC'-.ACF 0 0. 0027 GRAINS PER CUBIC FOOT AT SAMPLER CONDITIONS, GR,-ArF

CIIC,'DGSCF = 0.0043 GRAINS' PER CU FT OF DRY GAS AT 70 DEG.F AND 29.92 IN HG

MpI Ctf C FOOT AT DUCT .C~hDjITIMS., SR/!DUCT *$V 47



FORM C7040 NIAVFAC JET DUST LAMPLER TEST 7 ['OWiSTREAM 14APR?5 PAGE 4
i ~~04'2 3.'?5 ;

TEST DATA

CONCENTRATION.DETERMINATIOI MADE USING A

FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER GAS% AIR

TEST PAD(S)

PADI CT-528
PAD2

TOTAL FINAL PAD(S) WEIGHT 2. 01690' GRAMS
TOTAL INITIAL PAD(S) W1EIGHT 2. 01060 GRAMS
TOTRL PAD(S) WEIGHT GAIN 0.00620 GRAMS

BARDOMETRIC PRESSURE ABSOLUTE 29.980 IN HG

FORM C7040 hAVFAC JET DUST SAMPLER TEST 7 DOWNSTREAM 14APR75 PAGE 5
04/23/75

TIMEl TIME2 DUCT DD DUCT WE SAMPLER DB OPD SAMPLER WE PSAH PPWH DENS

0.00 5.00 134. 134. 270. 14.00 142.0 29.9-30 5.032 0.0512
5.00 10.00 1:34. 134. 220. 14.00 139.3 29.930 5.032 0.0549
10.00 15.00 134. 134. 220. 14.00 139.3 29.980 5.032 0.0549
15.00 20.00 134. 134. 230. 14.00 139.8 29.980 5.032 0.0541
20.00 25.00 134. 134. 235. 14.A0 140.1 29.930 5.032 0.0537
25.00 30.00 135. £35. 2:35. 14.00 140.9 29.980 5.166 0.0536
30.00 35.00 134. 1:34. 235. 14.00 140.1 29.980 5.032 0.0537
35.00 40.00 134. 134. 240. 14.00 140.4 29.990 5.032 0.0533
40.00 45.00 134. 134. 240. 14.00 140.4 29.980 5.032 0.0533
45.00 50.00 134. 134. 240. 14.00 140.4 29.9830 5.032 0.03533
50.00 55.00 134. 134. 235. 14.00 140.1 29.990 5.032 0.0537
55.00 60.00 134. 134. 240. 14.00 140.4 29.980 5.032 0.0533

a i

FORM C7040 NAVFAC JET DUST SAMPLER TEST 7 DOWNSTREAM 14APR75 PAGE 6p 04/23/75

3SSUM w 337.4626 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND RESS., ACF

- 213.9625 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG

QDASUMm 297.7871 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.

PAD WEIGHT GAIN = 0.0062 GRAMS

COHC/fACF a 0,0003 GRAINS PER CUBIC FOOT AT ýAMPLER CONDITIONS. GR/ACF

COIC'DGSCF a 0.0004 GRAINS PER CU FT OF DRY 6AS AT70 DEG.F AND 29.92 IN HG•

-• I - ~•



t-URM C?040 MAYFHC JEl DUS1 s>Hl'lrLtK 4, o .Ur.-iLii, i a',Jrmr, 0£

04/.2:3/75

TES•I DATA

CONCENTRAT ION. DETERMINATION MADE USING A

FIVE INCH SAMPLER WITH A ONES-FOURTH INCH ORIFICE4It
CARRIER GAS: AIR

TEST PAD(S)

PAR l CT-527
PAD2

TOTAL FINAL PAD(S) WEIGHT 2.06620 GRAMS
TOTAL INITIAL PAD<S) WEIGHT 2.04540 GRAMS
TOTAL PAD(S) WEIGHT GAIN 0.02080 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 29.990 IN HG

FORM C7040 HAVFAC JET DUST SAMPLER TEST 8 UPSTREAM 15APR75 PAGE 2
04/3/75 I

TIMEI TIME2 DUCT UB DUCT WB SPAMPLER PB OPD SAMPLER WB PSRH PPWH DENS

0.00 1.00 131. 131. 235. 5.50 137.8 29.990 4.648ý 0.0540
1.00 2.00 1.31. 131. 230. 5.50 137.5 29.990 4.648 0.0544
2.00 5.00 131. 131. 220. 5.50 136.9 29.990 4.648 0.0552
5.00 10.00 131. 131.. 220. 5.50 136.9 29.990 4.648 0.0552

10.00 20.00 131. 131. 220. 5.50 136.9 29.990 4.648 0.0552
20.00 25.00 131. 131. 225. 5.910 137.2 29.990 4.648 0.0548
25.00 40.00 131. 131. 230. 5.50 137.5 29.990 4.648 0.0544
40.00 52.00 131. 131. 230. 5.50 137.5 29.9.90 4,643 0.0544
52.00 55.00 131. 131. 2305. 5.50 137.2 29.993 4.640 0.0548
55. 00 60.00 131. 131. 230. 5.50 137.5 29.990 4.648 0.0544

FORM C7040 NAYFAC JET DUST SAMPLER TEST 8 UPSWPEAM 15APR75 PAGE 3"J ~04/23/7F5

OSSUM = 209.4048 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS., RCF

')DSUM 136.9256 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG

QDASUM= 180.2832 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.

PAD WEIGHT G$IM 0.0208 GRAMS

CONC/ACF = 0. 0015 6RAINS PER CUBIC FOOT AT SAMPLER CONDITIONS, GR/ACF

CONrC/DGSlCF = 0.0023 GRAINS PER CU FT OF DRY GAS AT 70 DEG.F AND 29.92 IN HG

CONCWDUCT ACF - 0.0013 GRAINS PER CUBIC FOOT AT DUCT CONDITIONS, GR'/DIJCT ACF



FORM C7040 NAVFAC JET DUST SAMPLER TEST :3 DOWNSTREAM 15APR75 PAGE I
04/23475

I TEST DATA

CONCENTRATIOHN DETERMINRTION MADE USING A

FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER GAS' AIR '

TEST PRD(S)

j• PADM CT-526 .PAD2 i

TOTAL FINAL PAD(S) WEIGHT 2.05100 GRAMS
TOTAL INITIAL PAD(S) WEIGHT 2.04440 GRAMS
TOTAL PAD(S) WEIGHT GAIN 0.00660 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 29.990 IN HG

I FORM C7040 NAVFAC JET DUST SAMPLER TEST 8 DOWNSTREAM 15APR75 PAGE 2
04/23,,75

TIME1 TIME2 DUCT DB DUCT WB SAMPLER DB OPD SAMPLER WB PSAH PPWH DENS

0.00 5.00 132. 132. 250. 14.00 139.4 Z9.990 4.773 0.0528

5.00 10.00 132. 132. 210. 14.00 1:37.1 29.990 4.773 0.0559
10.00 15.00 132. 132. 210. 14.00 137.1 29.990 4.773 0.0559
15.00 20.00 132. 132.. 217. 14.00 137.5 29.990 4.773 0.0553

0.00 25.00 2 13. 220. 14.00 137.7 29.990 4.773 0.0551
S25.00 30.00 132. 132. 225. 14.00 138.0 29.990 4.773 0.0547
30.00 35.00 132. 132. 232. 14.00 138.4 29.990 4.773 0.0542
35.00 40.00 132. 132. 235. 14.00 138.5 9.99 0 4.773 0.0539
40.00 45.00 132. 132. 235. 14.00 138.5 29.990 4.773 0.0539
45.00 50.00 132. 1:32. 240. 14.00 138.9 29.990 4.773 0.0536
50.00 55.00 132. 132. 240. 14.00 133.8 29.990 4.773 0.0536
55.00 60.00 132. 132. 235. 14.00 138.5 29.990 4.773 0.0539

FORM C7040 NAYFAC JET DUST SAMPLER TEST 8 DOWNSTREAM 15APR75 PAGE 3

04/23/75

QrSSUM 334.9960 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS., ACF "

I UQDSUM -217.1509 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND. 29.92 IN Hs

QDASUIMm 287.R173 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS. J
PAD WEIGHT GAIN = 0.0066 GRAMS

COtC/ACF - 0.0003 GRAINS PER CUBIC FOOT AT SAMPLEH CONDITIONS, GR/ACF

Qr-DICDG7CF a 0.0005 GRAINS PER CU FT OF DRY GAS AT 70 iEG.F AND 29.9e IN HG
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Performance Evaluation
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IRuport No. 2
24 July 1975

PUIRPOSE:

On July 14, 1975 a field trip was made to the Naval Air Station located

in Jacksonville, Florida. The purpose of this trip was to complete the final

performance tests on the two-stage Electrocell system installed on this

facility's jet engine test cell. This series of tests was conducted to deter-

mine if any basic change in the systems' collection efficiency had occurred

since the May, 1975 test program reported in PEP-702.

BACKGROUND:

Upon arrival at the test site, a quick inspection revealed the cells were

dirty, therefore requiring a wash cycle prior to AAF tests. Upon completion

of this wash (accomplished by use of a new prototype washing control installed

by Mr. Doug Pfeiffer of AAF) the system was deemed ready for efficiency test-

ing.

TESTS & RESULTS:

A series of two tests were conducted on the system utilizing the same

equipment, procedures and techniques as employed during the May, 1975 program.

However these tests were conducted at one system volume only, instead of

several various flows as was previously the case.

The system air volume was set at 7334.1 CFM utilizing the 36 square

inch inlet plate which provides a cell velocity of 501 FPM. With all other

factors the same as the May tests, this recent series provided inlet concen-

trations of 0.0012162 and 0.0022618 grains per cubic foot for tests 1 and 2

versus 0.0001766 and 0.0001612 grains per cubic foot for the respective %

outlets. The values provide an average collection efficiency of 89.1% very CL

close to the original test average of 90.4%. (Test data are recorded in

Table 1, and followed by computer print outs.)

CU

CONCLUSIONS:

Since the basic purpose was to determine changes or alterations in the >

ECU's performance at the selected velocity of 501 FPM, these test results <

provide evidence of the system's continuous efficient operation at this

vr1 ociriy.

RICHARD P. WILLIAMS

* F' fVaynet K. V'estlin J. Wiegel C. Bressoud

. . . .. .. ... .... . . ... . .... . . , 2



_________-Report: 

No. 2
24 July 1975

TABLE 1.

I Date of Test 7/15/75 7/15/75

Test Number 1 2

I Actual Test Time 9:32-10:22 10:59-11:59

Orifice Size, in 2  36 36

I Engine RPM (avg.) 7003 7000

Thrust (avg.) 7320 7355

Fuel Flow 6058 60612

E.G.T. (avg.) 992 987

Ambient Temp bF 81 83

Inlet Duct Temp OF 120-132 132

Barometric Pressure, in Hg 30.08 30.08

Total Air Volume , CFM 7ý34.1 7334.1

Duct Velocity, PPM 733.4 733.4

Cell Velocity, 1PM 501.3 501.3

""Inlet Conc, grs/ft 3  0.0012162 0.0022618

Outlet Conc, grs/ft 3  0.0001766 0.0001612

System Efficiency, % 85.48 92.87

3i4

.!.
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I C7040 UPSTFEAM TEST 1 PAGE II 07/3i75

I TEST DATA

1 CONCENTRATION DETERMIMATION MHDE USING A

FIVE INCH SAMPLER WITH A tNIE-FOURTH INCH OR1FJCE

CARRIER GAS: AIR

TEST PAID(S>

PA•I CT-561
PAD2

TOTAL FINAL PHD<S) WEIGHT 2.06990 GRAMS
TOTML INITIAL PRD(S) WEIGPHT 2.05570 GRAMS
TOTAL PAD(S) WEIGHT GAIN 0.01420 GRAM1S

BAROMETRIC PRESSURE ABSOLUTE 29,920 IN HGI

I
I

I FORM C7040 UPSTREAM TEST 1 PAGE 2
07/'23/75

j IME TIME2 DUCT DE DUCT WE SAMPLER DB OPD SAMPLER IB PSAH PPWH DENS

0.00 1.00 130. 130. 240. 5.80 13: 7.3 29.920 4.226 0.0536
I 1.00 2.00 131. !31. 235. 5.80 137.7 2':9 .920 4.648 0.0539

2.0') 4.00 131. 131. 2:30. 5.30 137.4 29.920 4.648 0.0543
4.00 6.00 131. 131. 225. 5.80 137.1 29.920 4.648 0.0547
6.00 12.00 132. 1:32. 2:30. 5.80 1:38.2 29.920 4.773 0.0542

1.00 40. 00 132. 132. 2130. 5.80 133.2 29.920 4.7"73 0.0542
40.00 45.00 132. 132. 235. 5.8S0 138.5 29.920 4.773 0.0538
45.00 50.00 132. 132. 235. 5.80 133.5 20.9E3 4.773 0.0538

FOPH C7040 UPSTREAM TEST I PAGE 3
07, 3' 75

c'sitr•i 8:CH . 1515 TOTAL AC",TIJUL SAMPLED YOLLIME AT S.AMPLER TEMP. AFiID PRESS., ACF

ODJU' = 116. 1765 TOTAL DRY GAS -AIMPLED VOLUME AT 70 DEG.F FIND 29.92 IN HrG

, " dJDAIKU- hI'4.2685 TOTAL ACTUAlRL :':ANPLED VYO!L.UME AT ,flUhCT TEMP. RhD PRESS.



I FIVE ItHCH :SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER G3A&S: AIR

T E: 1ýS

* PADt 1 C1-562
PAD2

TOTAL FINAL ( S ') WEEIGHT 2. 05940 GRAMS
TOTAL INITIAL PAD(S) WEIGHT 2.05620 GRAMS
TOTAL PAD(S) WEIGHT GAIN 0.00320 GRAMS

BAROMEiRIC PRESSURE ABSOLUTE 29.920 IN HG

-JJ

15.00 .00 1 -LD. 2:35. 14.00 138.5 29.920 4.773 0.0538.
4.10. 00L 12.00 1:2 1.12 24') 14.00 1 332.38 29. 92 0 4.773 0.0534

12.00 15.C00 14 235. 14.00 13. 5 29.920 '.TE773 0.0538.
15.00 2. 00 132• 1:32. 230. 14.00 13:.'.8 29.9;?.0 4.773 0.0542

f 22.00 1::d. ".. 225. 14.00 137.9 29.920 4.773 0.0546
201.10 fl 00 1:2(2. 13 2. 2:30. 14.00 138•.2 29.920 4.773 0.0542

25. 0 :00. 10 13 2. 1. 225. 14.00 13--7.9 29.920 4..773 0.0546
30 1300 50. 00 132-. 132. 225. 14.00 137.9 29.920 4.773 0.0546'

-------------------------------------------------

1 •~

2 11 iOR 7 £40 (O1 1I . -.T-EAM TE2S5T 1P AGE 3

jDU I0 10.6:379 TOTAL DRY A'3 SAMPLED VOLUME AT 70 DEG.F AN) 29.92 IN HG

111=240. 1550 iOTAIL Ri2UAL SAMPLED VOLUME AT DUCT TEMP. ADPES

. .. - n..n • -- - - -.



FORM C7040 UPSTREAM TEST 2 PAGE I
07/23/75

TEST DATA

CONCENTRATION DETERMINATION MADE USING A

FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER GAS: AIR

"TEST PAD<S)

PADI CT-563
PAD2

TOTAL FINAL PAD(S) WEIGHT 2.10940 GRAMS
TOTAL INITIAL PAD(S) WEIGHT .2.07780 GRAMS

TOTAL PAD(S) WEIGHT GRIM 0.03160 GRAMS

HR1BROMETRIC PRESSURE ABSOLUTE 29.920 IN HG

__- -- -- - - - - - - -- - - - - - - -- - - - - - - - -- - - - - - - -- - - - - - - -

FORM C7040 UPSTREAM TEST 2 PAGE 2
07/23/75

TIMEI TIME2 DUCT DB DUCT WE SAMPLER DB OPD SAMPLER WB PSAH PPWH DENS

0.00 1.00 132. 132. 250. 5.80 139.4 29.920 4.773 0.0527
1.00 2.00 132. 1:32. 260. 5.80 139.9 29.920 4.773 0.0520

0.ro 3.00 132. 132. 250. 5.80 139.4 29.920 4.773 0.0527
3.00 5.00 132. 132. 240. 5.80 138.8 29.920 4.7-73 0.0534

1, 5.00 6.00 132. 132. 2:30. 5.80 138.2 29.920 4.773 0.0542
6.00 7.00 1:32. 132. 225. 5.80 137.9 29.920 4.773 0.05,q6I 7.00 30.00 132. 1:32. 225. 5.80 137.9 29.920 4.773 0.0546

30.00 60.00 132. 132. 225. 5.80 137.9 29.920 4.773 0.0546

FORM C7040 UPSTREAM TEST 2 PAGE 3
07/23/75

QSnIfM 215.5737 TOTAL ACTUIL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS., ACF

I [QD311 139.7535 TOTAL PRY GAS'` SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG K
JDAS,.LJIM= 185.7551 TOTAL ACTUAL SAMPLED VOLUME tT DUCT TEMP. AND PRESS.U a

- • ,--- " - -,' I I I / I I - I



TEST PAD <:S')

PRAD CT-5E4U ~PAD2 -

TOTAL F I IHL PAD (5) WIEIGHT 2. 08010 GRAMS
TOTAL 11-ITTIRL F'FAD'<S) WIEIGHT 2.07660 GRAMS
TOTAL PAD(S) WEIGHT GRIN 0.00350 GRAMS

3 BAROMETRIC PRESSURE ABSOLIJTE 29.920 IN HG

II
-- - - - - - - - - - - - - - - - - - - - -- -- - - - - -- - - - - -- - - - - -

FOM 1:7040 DOI.dISTREAM TEST 2, .PRSE E
07/23/75

1 TirIE1 TIME2 DUC;T DB DUCT WPl SAMPLER DB DPI) SAMPLER .IB PSAH PPW1H DENS
0."" 2:,0 1:32. 1:-. 250. 14.0 139. 4 '9.920 4.773 0.0527

t2.50 2.50 1:2. 12. 27"0. 14.00 140.5 29. 920 4.773 0.0513
•2.5 4.00 1:32. 1 260. 14.00 13. 9 29. 92 ' 4.773 0.0520

4.0 : 6.00. ,. .1 0. 14.00 13'). 4 29.9 20 4. 77:3 0.0527
6.0.0 '. O0 1:32,. 1:32. 240. 14.0.0 1 :D.38 29. 920 4.7 73 0. 0534

17.00 :'. 00 132. 132 2:30. 14.00 1...2 29.920 4 .770.54
* 9.00 11.00 132 2~ 220. 14.00 1317.7 29.920 4.773 0. 055O0

11.0O 15. 00 1:32. 1.2 215. 14.00 137. 4 29. 920 4. 77:3 0.0554

15.00 ':'5. 0O 1:32 1 -. 220. 14.00 137.7 29.'920 4. 7f3 0.0550 '

2,5. Q 030. 00 1:21 1:32. 222. 14.00 1:37.1 8 29. 92 0 4.773 0.0548K?
30.00 35.00 1:,:2 1'3:2 225. 14.00 1:'.:7.9 29.920 .4.773 0.0546".
:35.• 0 4 2. 00 1i:.. 1:3 2 2'6- 14.,0'0 13:3. 0 2 9 .0 .4.773 0. 0545
42.00' 45. 00I1 1. 2. 2-25. 14. 00 137.9 29.920 4.773 0. 0546.;.,"
45.00 50. 00 1 a 13 . '26. 14. .10 138. 0 29•. 92,'0 4.773 0. 0545

50•. 0 55. 00 1:-:2 1:32 227. 14.00 13:8. 1 2'9. 920.K:4" 77- 4, 0. 0544,

- 00 ,)60. 00 1321 226. 14. 00 0 9'
I'

5 ---------------------------------------------------------- a---.7 5
I P)GIE37

rFOpHM I-:l'1740: DOWN..~STREAM1 TEST a I

/L.~K F5I -

. .i 34.-47. TOTAL ACTURL SAMPLED VOLUME AT SAMPLER TEMP. ArD PFE.. -

D:IUm ;217. 1904 TOTAL DRY GAS SFAMPLEDi VOLUME AV' 70 DEG.F AND 29.,9. It, HGi

.ISUM= ",.2:8.6711 TOTAL ACTUAL S:AMPLED VOLUME AT DUCT TEMP. AND IqE&S.

• • .I I I i sIaI(



APPENDIX A-2

Air Samples from Electrostatic Precipitators;

Results of;

INaval Air Rework Facility, NAS

Jacksonville, Florida
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A 4
S--ode 340i-

S' 16 Jun 1975

MEMORANDUM.

From t Code 340 jI .' " .

To: Code 610

.1' Subj: Air samples from ElectrostatLc Precipitator; results of

nef: (a) MELR No. 3-74

I Eac (1) J-70 engine data with electrostatic precipitator
(2) J-52 engine data with electrostatic precipitator

J-52 engine data without electrostatic precipitator activated 14
1. Air sampling for determining the efficiency of an electrostatic
p prccipitator has been performaed on the N4A]'F model as required by United

"Engineers and Constructors, Incorporated, for SOUDIVtAVFAC.

2. The test results are forwarded as enclosures (I) and (2). The
following information concerns the data:

a. The format and calculatf-ns are those used in reference (a) injodur to allow compucison of similar data.

b. All tests were performed at normal rated power.

c. The model exhaust gas entrance tube ".jas blank ed off between the
April and June tests.

: d. The precipitator was cleaned in April after the J-79 tests and

not thereafter.

e, The June 4 tests were made with both power packs on the
precipitator activated,

f. The JuteS5 tests were made with one power pack nonfunctional.

Thg. he June 6 morning and afternoon tests were made with no power
to t~he precipitator. r

SuperintLndcnt
•"i I

a ".

Is'
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